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1. Abstract 
The objective of this study was to test water samples from a public swimming area at 
the beach of Korevlerne located in northern Zealand, for faecal contamination 
indicators, namely Escherichia coli. Urban communities adjacent to any natural site 
interact with that site in different ways that may influence it. This study examined the 
possible influence a community of summer houses had on the Korevlerne estuarine 
environment and water quality in the month of October. We investigated whether there 
was evidence for microbiological organisms being released from wastewater from the 
urban community into the estuary. This study was done by collecting water samples 
from 15 locations at Korevlerne. The samples were tested for their pH, salt content, 
temperature, culturable bacteria, and E.coli levels. The pH, salt content and 
temperature were measured on site using pH meters, salinity meters, and 
thermometers. The pH levels recorded were between 6-8 and complied with the Blue 
Flag water quality Criteria. Two tests were conducted in the lab for culturable bacteria 
and E.coli. The first test was for enumeration of culturable microorganisms, where a 
colony count was done by inoculation in a nutrient Agar culture medium. The results of 
the test are used for overall evaluation of the effectiveness of drinking water treatment. 
The second water quality test was a detection and enumeration of E.coli and conducted 
by feeding the bacteria with a selective growth medium, MUG, then observing the 
present E.coli colonies under a UV light. Our results yielded that even at the highest 
E.coli MPN observed of .51 with 51 (E.coli) cfu/100ml, the sample was well within the 
Blue Flag Standards (<250 E.coli CFU/100ml) and that there were no significant or 
harmful levels of indicator pathogens present in the water samples taken during the 
month of October. Our results also showed a weak, yet positive linear relationship 
between culturable bacteria and E.coli in the estuarine environment. The low levels of 
pathogenic bacteria were probably a result of the cold temperatures, the lack of human 
activity in the summer houses in off-season, and other factors in the environment. Due 
to the small sample size in this study our results can only tell us the water quality is 
within the Blue Flag Standards during the month of October. Although our results from 
the laboratory did not show high levels of pathogenic bacteria in the water, the 
infrastructure of the summer houses and their septic systems in relation to the short 
distance to the shoreline posed a potential threat to the environment.  
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2. Korevlerne: Case study 
 
The Korevlerne estuary in north Zealland, located on the Sejerø Bugt, is one of the 
natural sites in Denmark covered by the EU Natura- 2000 project, which aims at 
protecting the biodiversity in said sites, as well as re-establishing them as safe habitats 
for breeding and resting of migratory birds.  
  
This unique bay lies on the west-northern coast of Zealland and has some streams 
running into it from the surrounding landscape. The bay is located at the land-sea 
interface and therefore holds a mixture of freshwater and saltwater, while providing 
habitats supporting high biodiversity. 
 
 
Map (1)  - The Sejerø bay and Korevlerne eastuary -   source (google maps) 
 
A community of summer houses is located close to the estuary; their sewage is treated 
by septic tanks, which in turn discharge their effluent into the nearby estuary. 
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In septic systems, the waste water is passed through a septic tank, where its 
components are separated into solids and wastewater. The solid materials are 
decomposed as much as possible while the liquid is discharged to the drainfield, which 
is a network of perforated pipes laid in gravel filled beds. The wastewater trickles out of 
the pipes through the gravel layer and into the surrounding soil. The soil acts as a filter, 
and its microbes treat the water further before it finally enters the groundwater. A good 
quality, well maintained septic system poses no environmental hazard, but in reality 
many of these systems fail and become a source of pollution and public health concern. 
(See theory later for more details)  
 
The estuary should naturally filter some of those waste components, because of its area 
and physicochemical conditions, so that the levels reaching the beach area would pose 
no health threats. But if the septic tanks do not function properly then the surrounding 
nature will receive more nutrients and possibly microbes in the waste effluent than it can 
process, and that would lead to higher levels of these contaminants reaching the 
swimming areas beyond the estuary. 
 
In addition, if the bacterial levels in the estuary become much higher than its normal 
levels, that will affect the natural and wildlife supported by its ecosystem, as high 
bacteria levels raise the BOD where they are concentrated, resulting in depletion of 
Oxygen levels required for the various types of living organisms supported by the 
estuary, which in turn could cause the food and shelter sources of wildlife in the estuary 
- birds in particular - to be less than the required level for a breeding habitat. 
Another ecological concern, In addition to human pathogenic organisms, could be the 
sewage content of animal and plant pathogens; these can go on and infect both aquatic 
animals, livestock as well as wildlife.  
Example: Brucellosis, caused by bacteria of the genus Brucella, commonly infecting 
livestock and in fewer cases, humans. It causes inflammation of various organs and 
leads to abortion. (Reinheimer, 1992) 
 
 
So why are we testing for faecal indicator organisms? 
As the Sejerø Bugt estuary is a protected natural site, the environment is prioritised over 
the other elements in the bay, an effort has to be made to ascertain it is pollution-free 
and that the natural equilibrium of its ecosystem is maintained by eliminating any 
possible excess of nutrients and/or foreign organisms from being introduced into it. 
 
Another reason for maintaining high water quality standards is that the coast area that 
lies beyond the estuary is public bathing area covered by the EU Blue Flag standard, 
this means that the levels of contaminants reaching the beach area should be kept 
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within the levels stipulated by said standard, or else the site will be deemed unfit for 
recreational use. 
The bay area, inclusive of the beach and the dunes is around 175 hectare, about ⅓ of 
which is water. The bay area is around 4 km long and 350-600 in width.  
 
There are multiple directives in the bay are under the Natura-2000 EU plan, One of 
those directives being implemented aims at controlling the spread of an invasive plant 
species “Rosa rugosa” that was introduced to the area by the inhabitants of the 
summerhouses. Control is done through cattle grazing. 
The grazing cattle could, in theory be contributing to the faecal contamination or the 
number of indicator organisms in the surface water of the estuary.  
The birds breeding in the estuary during the summer period could also contribute to 
faecal contamination and faecal indicators levels to be found in recreational and 
estuarine waters, as well as their spreading faecal contamination further towards the 
beach via their droppings, the microbial contents of which would have a longer survival 
time in the sands of the beach than it would in the seawater and thus widening the 
radius of health risks (Slawson, R.M. - 2010). 
 
If we attempt to estimate the numbers of our faecal indicator organism of choice for this 
study - Escherichia coli - we expect to find in the estuarine surface water, we should 
add the levels  that in theory are contained in the sewage effluent being discharged 
from the septic tanks into the bay to the levels introduced by the cow dung, presuming it 
is directly deposited in the water. 
 
The estimation of E.coli numbers, done in the discussion part of this report (pg. 56) 
shows the expected average during the summer season, when the summer houses are 
being fully occupied. Those levels in theory raise some red flags, even when assuming 
the septic tanks are regularly maintained and are functioning optimally.  
In the same season the grazing is at full force and the migratory birds are also in for the 
breeding season, in a scenario where the septic tanks are not well maintained and thus 
do not treat water as well as they should, while the cows are depositing their waste in 
the water and the birds as well, the levels of faecal contamination, especially in the 
ponds, could exceed the limits of the blue flag. 
 
Based on these factors, we were motivated to further investigate the water quality in the 
area and do one water sample analysis to generally gauge the levels of culturable 
bacteria in the bay waters, as well as E.coli levels at this time of the year. 
 
In this paper we will start by looking at what is an estuarine system, how it processes 
and interact with the introduced content of runoff waste water-  nutritional and microbial- 
and from this entry point we will then discuss the particulars of Korevlerne.  
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Then we are going to define some basic concepts regarding microbiological ecology: 
What is water treatment and water quality, and how the latter could impact a natural site 
with a body of water, such as an estuary or a beach?  
 
Finally, we are going to introduce the basics of how to analyse water samples in order 
to detect signs of contamination.  
 
In the light of the numbers obtained from our analysis and their spatial distribution,  we 
will be considering the sources that could be contributing to this contamination in our 
particular case and assess the human health risks, associated to such contamination, 
for the beach-goers. in addition.. 
 
● How big of a threat do the septic tanks from the summerhouses pose to this 
natural site?   
Sub questions:  
● Who and what is at risk? 
● What other factors contribute to bacterial contamination at this site? 
● Does the existence of the estuary between the summerhouses and the beach 
minimise the contamination levels reaching the latter? 
3. Problem statement 
We wish to asses, using microbial analyses of water samples, whether the septic tank 
seepage from the nearby summerhouses pose a threat to the Korevlerne estuarine 
ecosystem. 
4. Hypotheses 
● We expect to find E. coli in measurable levels indicating local sources.  
● We expect to find decreasing numbers of bacteria in general and E.coli bacteria 
in particular, as we move from the summerhouses location towards the bay and 
further to the beach. 
● We expect to find higher levels of bacteria in the northern part, since the summer 
houses are closer to the estuary in this region. 
● We also expect the levels of the two bacteria types mentioned above to fall in the 
lower end of the blue flag standard overall. 
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5. Estuarine Ecology 
There are many definitions of what an estuary is, but one that covers all the types of 
estuaries could be: “An estuary is a partially  enclosed coastal body of water which is 
either permanently or periodically open to the sea, and with which there is a measurable 
variation of salinity due to the mixture of seawater with fresh water derived from the land 
drainage”.(Day,1967).  
 
Based on the above definition, an estuary has characteristics of both a river and a sea. 
Typical riverine characteristics of an estuary are: transport of water and sediments, 
occasional floods and fresh water in the upper parts. The marine characteristics are the 
presence of tides and saline waters. The unique features of estuaries are the mixed 
tidal waves, and the brackish water.(Savenije, 2006) 
 
Furthermore, the special nature of estuaries is related to two main physical processes. 
First, because fresh water is lighter than salt water, two layered system is formed. In the 
lighter upper layer, the fresh water gets thicker as it moves seaward because it carries 
with it some of the salt water from the lower layer. Thus, more saltwater must enter the 
estuary to replace it. This two-way circulation stimulates primary production for 
phytoplankton and fish. (Mann, 2000) 
 
The second special feature is that the suspended sediments carried by the river are 
held together by their electrostatic forces which cause mutual repulsion. In the sea 
water these charges are reduced and the particles stick together and form “flocs” which 
sink to the bottom forming rich sediments which are returned upstream by the currents. 
This zone is called “turbidity maximum” and has a great biological importance because 
it cuts down the penetration of light through the water and the algal growth is 
suppressed which reduces the planktonic food chains. (Little-1999). 
 
Based on geomorphology there are different types of estuaries: Drowned river valleys 
where sea level is rising relative to the land, ford type estuaries which are the same as 
drowned river valleys with the difference that they began as glaciated valleys. The third 
kind is bar-built estuaries which occur where the accumulation of sediments has kept 
pace with rising sea level. Such estuaries are difficult to differentiate from coastal bays 
and lagoons. The last type is tectonic estuaries which are formed by faulting or by land 
subsidence. 
 
Salinity distributions are among the most distinctive characteristics of estuaries. The 
salinity of an estuary is a balance between two fluxes: a tide driven salt water that 
penetrates the estuary through mixing and a fresh water flux that flushes the water 
Salinity 
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back. The salt water flux depends on the estuary´s surface area which determines the 
amount of water that enters while the freshwater flux depends on the cross-section area 
of the estuary which determines the efficiency of the freshwater flow to push back the 
salt. 
 
Most estuaries have an increase in salinity from head (where the river enters) to the 
mouth (at the sea) and because fresh water is lighter than the saline water, a series of 
vertically and horizontally salinity oscillations will develop which vary in duration and 
amplitude throughout the estuary. These oscillations together with the tidal action and 
wind make the salinity to fluctuate from 0.5-30 ppt. (Savenije, 2006) 
 
Salinity varies also throughout the seasons. During the winter, the frozen ponds have 
certain salinity levels, and when the ice starts to melt, more fresh water will blend with  
the estuarine water and the salinity levels will lower. During the dry season, when water 
availability is lowest and water requirements are highest the salinity levels are very high.  
 
The different levels of salinity from the estuary have a negative effect on the 
biodiversity. The majority of animal and plant species cannot deal very well with these 
fluctuations and because of this, the biodiversity of the estuarine community is lower 
than normal environments. The number of interactions between species is low and 
some species vary greatly in size. (Saksena, 2010). The distribution of organisms 
depends on the salinity range and mean. Some organisms will stay in a very strict range 
and will move as the salinity fluctuates with tides and season while others adapted to 
the rapid and periodical changes in salinity.(NERR, 1997). 
 
Tides mix the nutrients and the energy material into the estuaries. Particulate nutrient 
material enters into the estuary with the high tide and is removed during the low tide. 
Suspended sediments are also brought by the rivers discharge. This phenomenon 
happens for several cycles, thus the estuary acts as a nutrient trap with high nutrient 
concentrations. Similarly, the concentration of high energy rich organic materials 
remains high in estuaries. (Saksena, 2010)  
Tides 
 
The wind is an important factor because it can bring water from the sea and mix it with 
fresh water and vice-versa, which results in considerable salinity level fluctuations. The 
wind can cause vertical mixing which brings nutrient rich sediments to the surface which 
results in an increased turbidity level. 
Wind 
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Temperature has a major influence on the biological activity and growth of aquatic 
organisms. The metabolic rate of estuarine organism depends on the temperature in the 
way that increased temperature leads to an increased respiration rate which has as a 
consequence an increased consumption of oxygen. The growth of bacteria and 
phytoplankton increases in warm waters which can contribute to water turbidity and 
algal bloom. Temperature affects the amount of dissolved oxygen in water because, as 
the temperature rises, the solubility of gasses is decreasing. Pollutants from stormwater 
runoff and waste water discharges could contain organic matter that may contribute to 
the dissolved oxygen consumption. (NERR, 1997) 
Temperature 
 
The river discharge provides the estuary with freshwater and sediments. The sediments 
are discharged as soon as say they enter the estuary. They are transported by the 
residual downstream energy of the flow which is an action between the tidal flow and 
the downstream flow. (Savije, 2006) 
River discharge 
 
The pH of the healthiest of estuaries falls between 6.0 and 8.5 ranging from slightly 
acidic to slightly basic. Most of the estuarine organisms are adapted to live in a very 
narrow range of pH, so changes in pH could disturb the populations and their 
distribution in the estuary. (NERR, 1997) 
pH 
 
Marshes export large amounts of nutritive material and their contribution is essential to 
the productivity of coastal waters. Marshes act like natural filters because they retain 
suspended and dissolved particles and nutrients and extract the dissolved nitrogen 
(which stimulates their growth) from the groundwater coming from the land and human 
waste water. They also have a positive influence for bacterial colonies on winter 
because they protect against frost. 
 
All these factors combined, result in particular patterns of water movement which make 
an estuary an important natural filter that consists of some of the following functions: 
nutrients and plankton transport, flushing away wastes from animal and plants, controls 
salinity patterns, shifts sediments around and mixes water masses. (Carricker, 1967) 
 
6. Site description 
Classification 
Based on the above geomorphologic classification we can classify Korevlerne as a bar-
built estuary that at its towards the sea extreme becomes a coastal lagoon. The bar-
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built characteristics present are the nature of the estuary as being formed of sand 
building up along the coastline, partially cutting off the water behind it from the sea. The 
other bar-built characteristic seen in korevlerne is the minimal tidal action, with wind 
being the main mixing tool for the fresh and saltwater. 
 
On the other hand, Korevlerne possesses few characteristics of the coastal lagoon type 
of estuary, its definition being: “A coastal lagoon is an inland water body, usually 
orientated parallel to the coast separated from the sea by a barrier, connected by the 
sea by one or more restricted inlets, and having depths which seldom exceed a couple 
of meters”. (Cameron-Pricheard, 1963). In turn the coastal lagoon estuaries are 
classified by the way they are connected to the sea (Kjerfve 1986), and as seen in the 
pictures below Korevlerne fall both into the choked and restricted categories. 
 
Figure 1: a) There are three types of coastal lagoons (Kjerfve 1986); b) Korevlerne fall 
both into the choked and restricted categories. 
 
Physical characteristics 
The the coastal lagoon estuary is situated in the north-western part of Zealand in the 
bay of Sejerø. As mentioned in the above definition, it is oriented parallel to the coast, 
and has sandy beaches used in the summer for bathing and recreation. The area 
behind the inlets that flow into the estuary is occupied by a big number of 
summerhouses. 
 
The estuary is composed of seven freshwater inlets that flow into four ponds. There is a 
fifth pond in the most southern part which is completely separated from the estuary 
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which we did not take into consideration because; being closed off from the rest it 
doesn't interfere with the estuarine system. 
 
The distance from pond 1 to pond 4 is approximately 3,15 kilometers. The lagoon is 
shallow in most of the parts with deeper places in pond 3 and inlet 7 that do not exceed 
2 meters. All the ponds have an average depth of 20 centimeters except pond 4 which 
is 10 centimeters deep. 
 
Inlets represent an important part of the estuary because they bring a large part of 
nutrients and because, without their input the water of the ponds would be completely 
saline. From all the seven inlets that connect with the ponds,  inlet 7 had a significant 
higher catchment area than the others. Regarding the depth, all the inlets have a depth 
of around 30 cm except inlets 3 and 7 which have a depth of more than 60 cm. It wasn't 
noticed a significant flow in the inlets. The salinity varies a lot, from inlets with 
freshwater to inlets with salinity of 13.(see Table 1) 
 
From the physical factors mentioned in the Estuarine Ecology chapter, tides have a very 
low influence on the estuarine circulation in Korevlerne, because in Denmark they have 
an average height of approximately +- 10 centimeters although water level changes can 
be greater than the 1 meter under the influence of wind.. Although there are no large 
rivers in Denmark, freshwater input contribute to the water balance of most Danish 
coastal systems. (Estuarine Research Federation, 2000). Given that 66% of the Danish 
estuaries are shallower than 3 meters means that light is available in the bottom which 
is sufficient for benthic primary production in many estuaries. 
 
Biological characteristics 
The most common form of vegetation found in Korevlerne lagoon is Phragmites 
australis also known as Common reed is a species of reed marshes. This is the largest 
reed in Denmark and can grow up to 4 m. Other forms of vegetation, besides the 
marshes are: grass, bushes and herbs. A high quantity of algae and seagrass detritus 
was seen on the beaches and the presence of cows was noticed around ponds 2 and 3. 
 
7. Bacterial Production in Estuarine Systems  
Bacterial populations in estuaries receive organic matter input imported from the land 
and surrounding marshes and from new and recycled nutrients. The production of 
organic matter is greater than what can be consumed by microbes and other organisms, 
leading to burial of organic matter and formation of anoxic sediments which results in 
low oxygen supply for aerobic organisms. Bacterioplankton in natural waters depend 
primarily on dissolved organic carbon (DOC) compounds to synthesize bacterial 
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biomass.This process of conversion of organic matter into bacterial biomass is bacterial 
production. (Ford, 1983) 
 
In order to describe the cycle of bacterioplankton in marine and freshwaters, the term 
“microbial loop” was defined which refers to the capture by bacteria of small dissolved 
organic matter (DOM) released from phytoplankton, which would otherwise be “lost” 
from the food web. Following incorporation of bacterial biomass, this material can be 
returned in the food web by ingestion by bacteriovores, but because bacterial 
conversion efficiency is low in general, the loop gets broken. 
Bacteria are an important means for re-entry of carbon into microbial food webs and 
their abundance in estuaries and salt marshes is very high. The bacterial levels are 
considerably higher in estuaries than in oceans. Bacterial abundance seldom exceeds 
2x10⁹ per litre in oceans, w hereas it com m only does so in estuaries. The fundam en tal 
reason for this difference is that bacterial abundance and production in estuaries 
increases as a direct consequence of increased primary production driven by  nutrient 
enrichment. (Ford, 1983) 
 
Some of the first observations about the seasonal cycle of bacterial production were 
provided by Larsson and Hagstrom (1982) who carried out samples in the coastal zone 
of Baltic Sea. This studies remain some of the most extensive examinations of bacterial 
and primary production dynamics in the estuarine literature. They showed that the 
proper period for bacterial production and biomass is from middle of April until middle of 
October, when  photosynthesis occurs, and being limited for the rest of the time. At their 
more offshore station, which was less influenced by the nutrient enrichment coming 
from the sewage systems, bacterial biomass had two peaks, following the 
phytoplankton bloom in spring and fall. At the more eutrophic inshore station, biomass 
and production peaked in July, one month before the maximum annual temperature. 
They concluded that 50% of the bacterial biomass requirements over the annual cycle 
were supplied by phytoplankton. 
 
Other studies of microbes addressed the circulation patterns in estuaries and 
investigated if bacteria supplied from the freshwater input survive and multiply as they 
move into the saltier waters of estuaries. Many observations (Palumbo and 
Ferguson,1978) have reported a decreased amount of bacterial abundance with 
increasing salinity, while another study conducted in a strongly river flow-dominated 
estuary concluded  that freshwater populations died rapidly when they reached saltier 
waters, but they were replaced by the salt tolerant bacteria coming upstream in the 
bottom layer of the estuary. It was also suggested that the maximal bacterial abundance 
in the middle of the estuary could be explained by rapid growth of adapted 
microorganisms to high salinity levels (halotolerant microorganisms). 
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Other studies (Wright and Coffin, 1983) were made to describe bacterial distribution 
related to how the tides create complex circulation patterns by moving plankton 
populations back and forth. They showed that in spring there is a peak of bacterial 
abundance in the middle of the estuary with lower levels of microorganisms towards the 
head and the mouth of the estuary. These distribution patterns were attributed to the 
tidal action which kept the bacteria populations within the estuary over several cycles 
and exposed them to salt marshes waters which could supply more growth substrates 
and more bacteria. 
 
Tidal motions also interact with wind and gravitation-driven circulations to generate 
vertical and horizontal patterns. Most estuaries are vertically stratified having two-
layered salinity distributions, but in some instances tidal actions have sufficient energy 
to destratify the water column (Haas 1987). Studies regarding the consequences of 
destratification process on bacteria populations shown different results. Bacterial stock 
production in a subesturary of Chesapeake Bay were stimulated during a tidal 
destratification in spring (Ducklow, 1982) while another study conducted in the same 
place after a few years (Ray, 1989) shown that autotrophic cyano bacteria decreased 
during destratification as a consequence of light limitation.  
 
8. Environmental Microbiology and Water Quality 
Having discussed the natural microbiological life in the estuary, we need now to 
consider the foreign microorganisms introduced into it by the wastewater effluent, 
Livestock, Wildlife and other sources, and how they interact with the existing 
components of the estuary, in order to determine how long they survive, how far they 
could travel, whether they could multiply and subsequently whether they pose a risk to 
human health. 
Microorganisms and Humans 
Microorganisms are an essential component of the natural world and human life, they 
have been used beneficially in the medical (antibodies and hormone production, as well 
as research) and industrial fields (production of alcohol, cheese.etc.) . Despite being 
beneficial for the most part, they could also be harmful and disease-causing. 
Microorganisms are diverse in their ecological and physiological functions. They exist 
and are adapted to living in all sorts of environments.  
In order to study microorganisms and how they behave and interact amongst 
themselves and within their environment, it was necessary to develop methods to 
separate and cultivate the microorganism(s) of interest. That was and still is a difficult 
task, because of the vast numbers and great diversity of microorganisms in an 
15 
 
ecosystem. In addition, to this day, not all types of microorganisms are culturable and 
some can only be identified by DNA sequencing. (Atlas, 1987) 
 
Different microbiological techniques are used to study microbial ecology depending on 
the goal of the study, for example, whether it is to detect, identify and quantify the 
microorganisms in an environment, or whether it is to assess their activity and 
physiological state in their natural habitat or track their evolutionary heritage. There are 
also methods designed to study microbes on a community level and investigate how 
different types interact.(Hurst, C.J. et al, 2002) 
 
Some of these methods are expensive, new and require a certain degree of 
technological knowledge, while others are basic and easy to perform. The methods that 
concern the scope of this study are of the latter kind, and in the following we will be 
discussing the principles behind them.(Hurst, C.J. et al, 2002) 
 
Culturing media and culturing techniques 
When testing for the presence of a given microorganism in nature, we start by acquiring 
a sample of the element we plan to test (water, soil, Etc). These samples contain a 
great number of types of microorganisms, either indigenous or foreign to the system we 
sampled. And because of that variety, it is sometimes necessary to isolate the 
microorganism of interest and/ or grow it before we can make any conclusions 
regarding its status in the tested system. Care must be taken to avoid killing the 
microorganism during the isolation process, which can happen if they were to be 
exposed to conditions they cannot tolerate (e.g. exposing obligate anaerobic 
microorganisms to air).  
It is also of the highest importance to avoid introducing contamination onto the collected 
samples, therefore it is imperative to maintain an aseptic water sample collection and 
lab technique at all times by following the standards closely. 
 
It is worth noting that not all microorganisms can be cultured in the lab, as the nutritional 
requirements of many microorganisms are yet to be learnt, or they cannot be readily 
duplicated under laboratory conditions. Typically, less than 1% of the microorganisms 
present in a natural soil or water sample can be cultured (Atlas, 1987). 
 
In order for microorganisms to be grown in the laboratory, it needs to be provided with a 
source of nutrition as well as a controlled environment that facilitates studying it.  
Sources of nutrition are called growth or culture media, and there are different types 
and classifications of them.  
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If we classify growth media according to content, we have two types; defined and 
complex media. Defined media is a type all the components that go into which are 
precisely known and measured, and are typically synthetic. Each define media is 
specifically tailored for the growth and nutrition requirements of a certain organism or 
group of metabolically similar organisms, the more metabolically fastidious the organism 
is, the more specific the growth factors required (Atlas, 1997). 
 
Complex media on the other hand is the opposite;, not all the constituents are known 
and the composition may vary. This type is easiest to prepare and support the growth of 
a broader range of organisms due to its wide content of highly nutritious and diverse 
components.The most common varieties of this type are beef extract (a complex 
mixture of proteins, carbohydrates, lipids and other biochemicals), Peptone (an 
enzymatic digest of protein, containing amino acids and other nitrogen compounds) and 
yeast extract (an aqueous extract of yeast cells containing vitamins and other growth 
necessary substances). (Atlas, 1997). 
 
In some cases, typically when culturing pathogenic microorganisms, more specific 
nutrients are required to achieve the growth rate needed. Additional nutrients are then 
added, to mimic a special set of conditions in the natural host and support the growth of 
fastidious organisms, in what is known as enrichment or enriched culturing .Examples 
of these specialised nutrients include: serum or whole blood. the use of an enrichment 
cultures is usually a first step of obtaining pure cultures. (Hurst, C.J. et al, 2002).  
 
In what is called “growth dependant identification methods”(Madigan, 2006), a 
medium can also be either Selective or Differential, or both. For example when we have 
an unknown microorganism, it can first be cultured on a primary isolation media, then 
subcultured on another medium that contains compounds which favour the growth of a 
certain organism, while inhibiting others (Selective), or facilitates the detection of a 
microorganism through its metabolic activities (differential). A common component of 
selective media is Methylene blue, which inhibits the growth of gram positive bacteria 
while allowing the gram negative bacteria to grow, while a common component of 
differential media is pH indicator dyes , that are added to detect the acid resulting from 
the metabolism of carbohydrates. (Tortora et al, 1989) 
 
Having provided the appropriate type of medium for our investigation, we then move to 
the culturing process. There are many types of culturing techniques for different types of 
investigations, including enrichment cultures, community cultures, mixed cultures and 
pure cultures. the last is the one we are concerned with in our investigation.  
 
Pure cultures are those that contain only one kind of organism,  and typically  do not 
exist in nature - except for few diseases - and that is because the microorganism 
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performs its activities more effectively when present with other groups of organisms.. 
(Hurst C.J. et al, 2002) 
 
To cultivate a pure culture of an organism, it is necessary to provide the set of 
conditions that support its growth, simulating the physicochemical factors in the 
organism’s natural habitat and mimicking the optimal conditions for its growth. These 
factors include pH, temperature, oxygen requirement and salinity.(Madigan, 2006) 
 
Measurement of microorganisms: 
The next step after culturing the subject microorganism(s) in our samples is to 
determine their count or mass, depending on the questions we need answered. The 
methods to enumerate them are called direct measurement methods, the most 
common types of which being: 
 
Total cell count: This type of counting is done directly under the microscope, either on 
dried or liquid samples, with the use of dyes (such as DAPI, a fluorescent blue dye and 
gram stains like Safranin) and/or counting chambers (glass with marked grid of known 
areas). This type of counting has some drawbacks, as both living and dead cells are 
counted, small cells are usually missed, it requires the use of stains or phase contrast 
microscopes and it is not suitable for suspensions with low cell density. (Madigan, 2006) 
 
Viable count: Viable cells are the cells that can divide and form colonies. Accordingly, 
this type of counting is concerned with the number of living cells. 
 
Growing colonies is usually done by culturing a series of dilutions - 10 fold or otherwise 
- on the chosen culture medium. The dilutions could either be spread on the surface of 
the hardened agar (spread technique) or by mixing the sample with the agar before it 
solidifies (pour plate technique). The agar plates are then incubated for the duration and 
at the temperature appropriate for achieving the maximum possible growth, until 
colonies have formed.(Madigan, 2006) 
 
When counting the formed colonies, one needs to make sure their numbers aren’t too 
large or too small, too many viable cells means that not all of them can form colonies 
because of the limited space, and those who form colonies might prove impossible to 
count or fuse together. Too small number of colonies on the other hand would provide 
statistically insignificant results. 
It was established that the most statistically significant results are obtained by counting 
the plates containing between 30-300 colonies. these numbers are obtained by culturing 
a series of dilutions -usually 10 fold dilutions- of the original sample 
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Enumerating viable cells is done either through direct counting by sight, if 
possible, or employing rules of probability to find out how many viable cells were 
in the original sample.  
Viable count: is the counting of colonies by sight - or any automated method. - 
The number of colonies is expressed in CFU (colony forming units), as not all 
cells end up dividing and becoming a colony. Formed colonies are counted after 
incubation and their number is divided by total volume of dilution to obtain the 
number of colony forming units (CFU). 
 
Most probable number (MPN): Often referred to as the multiple-tube 
fermentation technique, as it was classically used for the estimation of the number 
of coliform bacteria through the inoculation of multiple 10-fold dilutions of a 
sample in tubes using liquid media, after which the growth was observed based 
on gas fermentation.  
 
This method is based on statistical probability. As big a number as possible of 
plates/tubes/microtitre wells is inoculated, after which the number of positive 
results is noted. The presence of at least one viable cell in any tube/plate shows 
positive result. And because the occurrence of viable cells in every plate is based 
on probability, probability statistics are then used to find out the mean 
concentration of the organism (bacterium) being measured as the MPN per 100 
ml. (Hurst, C.J. et al, 2002) 
 
The standard method of this test is long and rather impractical, as it is divided into 
three phases. It has been modified thought, where only the first phase is 
performed, where a series of dilutions is incubated in sets of tubes / microtitre 
dishes, then growth is observed and counted to determine the probability.(Hurst, 
C.J. et al, 2002) 
 
The alternative method to enumeration of cells is determining the total mass or 
concentrations of microorganisms in a sample using a photometer or 
spectrophotometer, which is known as indirect measurement methods. the most 
common of these methods is Turbidity. (Hurst, C.J. et al, 2002) 
 
 
for the purposes of this investigation, we are going to employ the direct measurement n 
method of viable count, and for enumeration we are going to use viable cell count for 
one test and MPN technique for the other. 
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Water Quality and Water Contaminants 
 
The higher the levels of nutrients present, the larger the number of microorganisms that 
is expected to be found in a certain body of water, and the stronger sign it is of 
contamination at said site, whether the contamination is from domestic sewage water or 
an industrial source. 
 
All bodies of water in nature contain levels of nutrients and microorganisms. Water 
pureness is measured by what is called “water quality,” a measure for the degree of 
contamination by soluble chemicals, suspended colloids and microbes.(Tortora et al, 
1989) 
 
The following will be looking mainly at the microbial type of contamination, especially by 
pathogenic organisms, but before we get into that we need first to understand how 
sewage differs from natural waters and how it is treated before it is released again into 
the environment.  
 
Sewage, Wastewater Treatment and Septic Systems 
The major contaminants found in water waste are biodegradable elements from human, 
animal and plant waste. The contaminants are as follows: volatile organic compounds or 
VOCs, recalcitrant xenobiotics (a compound foreign to a given organism is known as 
xenobiotic, e.g. medicinal drugs, agricultural chemicals, industrial chemicals and 
environmental contaminants. Drugs such as antibiotics are not produced in the human 
body nor are they part of a normal diet. Xenobiotics present a number of hazards to 
man and environment such as toxicity, carcinogenicity and bioaccumulation 
(articlesbase/science-articles)), toxic metals, suspended solids, nutrients (nitrogen and 
phosphorus), and parasites and pathogens (Bitton, 2010). 
 
These are the objectives of water waste treatment facilities according to Wastewater 
Treatment (Bitton, 2010): 
 
●  Reduction of the organic content of water waste (i.e. reduction of BOD) 
● Removal/Reduction of trace organics that are recalcitrant to biodegradation and 
may be toxic or carcinogenic 
● Removal/Reduction of toxic metals 
● Removal/Reduction of nutrients to reduce pollution of receiving surface waters or 
groundwater if the effluents are applied to land 
● Removal or inactivation of pathogenic microorganisms and parasites 
 
 Below, Figure 1 and Figure 2 show the process wastewater undergoes in wastewater 
treatment in a public sewer system (Figure 1), and a septic system (Figure 2), from 
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when it leaves a house, to when it enter a water source like a stream, river, estuary or 
ocean.
 
Figure 2: Demonstrates the necessary stages of water treatment step by step on a large scale through a 
public sewer system. 
 
 
Figure 3: Shows the wastewater treatment inside a septic tank and the leaching fields that absorb the 
nutrients and harmful bacteria from the water before it enters natural water sources. It performs the same 
treatment process as public sewage plants, just over a longer period of time and over a large piece of 
land. 
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Wastewater is a combination of proteins, carbohydrates, fats, urea from urine, and a 
large number of organic compounds. There are three main stages in wastewater 
treatment; primary, secondary, and tertiary. These stages are present in public 
wastewater treatments and in septic systems (septic tanks, piping and leaching fields). 
(Gabriel Bitton, 2010).  
 
The Primary Stage is virtually a filter that collects all the large objects. In the primary 
tank, the sewage separates, smaller solids sink to the bottom, while oils and other light 
suspended substances float to the top. The Secondary Stage of sewage effluent is 
carried out by an activated sludge system or in trickling filters. Activated Sludge 
Systems are systems that use aeration, where pure oxygen is pumped through the 
primary effluent. Aerobic bacteria oxidize dissolved organic matter and mineral salts in 
the Secondary Treatment (Hodder & Stoughton, 1991). The Tertiary Stage is the third 
and last stage of wastewater treatment. It removes the leftover organic matter, nitrates, 
and phosphates. Some of the small particles of solid material and some dissolved 
chemicals are filtered out through sand and charcoal. Both sand and charcoal work as 
natural filters, the small particles attach onto the charcoal and sand, while the water 
filters through. Microorganisms digest nitrates and ammonium, ammonia is produced 
and then evaporates into air. Phosphates are then precipitated out by mixing them with 
lime, alum or ferric chloride. Chlorine is used to minimize the smell during this process 
and it is also initiates the growth of microorganisms. After this stage the water that is 
treated should, by law, be clean enough to be pumped into rivers (Bitton, 2010). 
  
Sewage Sludge 
Sewage Sludge is the remaining solids that settle in the bottom of the tanks. It is the 
leftover biomass that cannot be digested by bacteria and that cannot be released into 
the environment again. This substance cannot be used for much. After it is dehydrated 
and dry it can be used for landfill or as fertilizer but a lot of the time it is burned or 
dumped into the ocean. 
 
Wastewater treatment tests 
This equation shows what is going on in wastewater treatment, on a chemical level: 
Organic compounds → CO₂ +H₂ O+NH₄ +Bacterial Mass 
 
Organic matter is transformed into CO₂ and H₂O, which bubble away and then NH₄ 
and bacterial mass are the end results. NH₄ functions as a fertilizer for bacterial growth. 
It is important to regulate the amounts of ammonium that are being released into 
environments after water treatment.  
  
The three tests that are involved in wastewater treatment are: the tracing of biological 
oxygen demand (BODs), total organic Carbon (TOCs), and chemical oxygen demand 
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(CODs). BODs must be diluted if it exceeds 8mg/L( Gabriel Bitton, 2010). These tests 
are conducted to regulate the levels of oxygen, nitrogen and carbon. The conversion of 
bacterial biomass to protozoan biomass proceeds with a yield of 0.78 mg protozoa/mg 
bacteria (Gabriel Bitton, 2010). 
 
Overall these tests are performed to test the levels of carbon, carbon dioxide (CO2), 
oxygen, nitrogen, Hydrogen dioxide (H2O2) and ammonium (NH4). The ammonium that 
is produced and used to make organic material is essentially the fertilizer for bacteria 
and if there is an excess of ammonium, it will lead to the compromise of a natural 
habitat.  
Septic Systems 
Septic systems are the equivalent to water treatment plants for single households. They 
typically consist of a 2000-8000 liter septic tank, which is divided into two chambers. 
The two chambers are divided by a wall with a small opening at the top, allowing small 
amounts of liquid to pass from the first chamber to the second. There is an infiltration 
tube that enters the tank from the house and an exit pipe that breaks up into many 
different perforated pipes, eventually releasing water into a large area, called a leaching 
field.  
When the initial waste enters the first chamber of the tank, the solids sink to the bottom 
and the liquid and solid matter separate naturally with the oils settling on top. The septic 
tank has anaerobic bacteria that break down organic material in the tank. This bacteria 
digest the solids, while the oils float and the liquids move into the second chamber to be 
further filtered. A percolation test is required for all septic tanks. It measures the rate of 
filtration, to ensure that there is the correct concentration when the remaining liquid is 
released into the leaching fields by the perforated pipes. The perforated piping releases 
small amounts of effluent that trickles through the soil. The soils and plants absorb the 
harmful viruses and bacteria and soils retain nutrients such as phosphorous and 
nitrogen, which are both present in wastewater (Brady & Weil, 2010). As the water 
travels through sand and rocks in the soil, it aerates. Once the water reaches 
groundwater, lakes, rivers, or estuaries, it is rid of its harmful contents and safe to enter 
those water sources. The filtering and separation of solids can directly correlate to the 
primary stage in wastewater treatment. The second chamber of the septic tank and 
further filtering of effluent through rocks, sand and soils is essentially the second stage 
and the third stage occurs once the leftover water is released from the pipes past the 
leaching fields, into groundwater, lakes, streams, rivers and estuaries. The size of the 
leaching field, if setup properly, should be proportional to the volume of waste being 
released. The other considerable factor for the appropriate space needed for a septic 
tanks is soil type (Tyler, E. T. et al, 1977). If the soil is predominantly clay soil, it will 
restrict the downward flow of water through the soil. This will lead to chances of 
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contamination to surrounding water supplies, and will require more area for the leaching 
fields. The soil should also not be too sandy. A permeable soil with good texture is the 
idyllic soil for a septic tank location (Brady & Weil). Septic tanks need more space and a 
lot more time to have the same aerating, filtering and cleaning effect on sewage water. 
It is said that a septic tank needs about 4000 square meters for it leaching fields 
(www.bae.ncsu.edu). There are different suggestions for different size tanks, but for 
tanks that hold 1000-2000 litre, around 4000 square meters were suggested. The 
leaching fields should also be at certain angles so that the water flows in the pipes with 
the force of gravity and distributes over the leaching area. The remaining sludge-waste 
that is left behind in the septic tank needs to be removed by the private owner of the 
septic tank.  
 
The water treatment process in septic tanks takes much longer than in the public sewer 
system and requires a lot of land for leaching fields. Owners of septic tanks are required 
by law to maintain their septic tanks and ensure that they are functioning properly, and 
in the United States agencies such as Environmental Protection Agency, make sure 
these laws protect natural environment. A common problem with the use of septic tanks 
is that, since they are not connected to the government water treatment systems, they 
are the responsibility of the owner and the local municipality. Regulating the up-keep is 
not enforced by the government. This can lead to leniency in upkeep on septic tanks, 
therefore leading to septic tanks not measuring up to the laws and standards of the 
water waste regulations. This is very important because build-ups can cause the tank to 
malfunction or break, which can lead to hazardous results such as overflowing tanks 
and contamination of fresh water sources. Other times things go wrong in these 
processes due to weather, malfunctions or other errors and raw sewage seeps into 
rivers and water sources that have not been fully or properly treated. When sewage 
seeps into rivers or bathing water, without being treated, it can be a huge health risk. 
Certain bacteria, for example; E.coli, are a threat to humans. Natural habitats are 
constantly affected by the excess nutrients that are released. In the presences of high 
nutrients, bacteria populations thrive. If too many bacteria populations overwhelm an 
area they take over all the oxygen in that natural habitat, so the animals and plants 
suffocate and die. 
  
Public Water Contamination and Infectious Diseases 
As discussed, wastewater can get into public drinking or bathing water. The most 
serious type of water contamination happens when human faecal waste finds its way to 
public water supply. 
Faecal material can be directly deposited, washed into waters by overland runoff or 
transported through the ground. A failing water treatment plant releasing faecal bacteria 
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into the water, will also release excess nutrients along with it, providing the bacteria with 
means of survival for a longer period. 
 
Human faecal waste hosts a wide spectrum of microorganisms, a lot of it is harmless 
gut flora, while others are dangerous and cause serious health risks. Some of these 
diseases are contracted by ingestion of water contaminated with faecal bacteria or 
viruses, such as Cholera and Typhoid, while others are contracted simply by wading in 
contaminated water, such as schistosomiasis (snail fever) where the pathogen is a 
swimming bacteria that bores through the skin. Some pathogens would even build up in 
the tissue of certain creatures that live and feed in the contaminated water, such as 
Mollusks. (Madigan, 2006) 
 
Although some pathogens are indigenous to the aquatic environment, the majority of 
waterborne infections are of faecal origin. The latter being foreign to that environment, 
die off exponentially in it. Accordingly when high concentrations of pathogens are found 
in the water that suggests direct deposition of faecal matter into the water, as opposed 
to it being transported overland or through the subsurface (Atlas, 1997) 
 
Indicator Pathogens 
In an effort to assess the risk of waterborne diseases, tests for water purity or water 
quality were devised to determine the safety of public water sources. Testing for 
pathogens was not practical for multiple reasons; beside being costly to test for, 
pathogens aren’t always detectable because their levels are low, being only produced 
by infected individuals. Accordingly, it was necessary to test for other organisms that 
exist in large enough numbers and are always present in faecal waste; these are known 
as indicator organisms. The following conditions need to apply to those organisms. 
● The indicator organism should be a non pathogenic organism.  
● It should not recreate outside the host. 
● Ihe indicator organism should be consistently present in the human faeces in 
substantial numbers.  
● It should be capable of surviving in the water at least as well as the pathogenic 
organisms would  
● It should be easy to detect, through simple enough tests that don't require a high 
level of training in the field of microbiology 
 
For a long period of time, the standard indicator organism was Coliform bacteria (short 
CB), which a group of rod is shaped, gram negative, facultative anaerobic bacteria 
belonging in the family Enterobacteriaceae. Later it was found that testing for coliform 
isn’t a good indicator of faecal contamination as this group contains both enteric and 
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environmental bacteria. The test is still run, however, as a preliminary step towards 
detecting faecal contamination.  
 
Today, the tests commonly used in many standards for water quality are designed to 
detect fecal coliform bacteria, a sub-group of Coliform that is sometimes called 
thermotolerant coliform. It includes those types of coliform that can grow in 
temperatures up to 44⁰ C, the maximum temperature for the growth of E.coli.  
E.coli was considered for a long period as the perfect candidate of the faecal coliform, 
being exclusively faecal in origin, present in large numbers in the feces of humans and 
other warm blooded animals, survives for short periods in the sewage water yet doesn’t 
grow in natural waters making it a sensitive indicator.  
There is, however, a growing body of research that has examined environmentally 
persistent E.coli, which can survive for extended periods outside the host, potentially 
replicate on algae and in soils, and even get naturalised in temperate and tropical 
environments. This acquired adaptation impacts the use of E.coli as an indicator of 
faecal contamination. (Ishii & Sadowsky, 2008). Other drawbacks are that E.coli may 
die off faster than some viral pathogens, in addition to the absence of constant 
correlation between its density and that of the pathogens. 
In our specific case and many other studies of surface water treatment, one can find 
other sources of E.coli, including birds, livestock and wildlife, resulting in confounding 
findings. 
 
The latest - adopted in 2004 by many states in the USA as the official water quality test- 
and most accurate indicator test for faecal contamination is testing for enterococci , a 
group  that was  formerly classified as subgroup of faecal streptococci. This test is 
proven to provide a higher correlation with many of the human pathogens found in 
sewage water, as opposed to faecal coliform (Jin G, et al ,2004). Enterococci also has 
higher resistance to the environmental factors, as well as having a stronger survival 
relation to the survival of pathogens. The test for enterococcus, however, is more 
complicated, therefore it was not performed for this study. We chose to perform the test 
for E.coli as it is still part of water quality standards in many countries, and with 
repeated sampling it should give a good indicator of the presence of faecal 
contamination. (Guang Jin et al, 2004) 
 
Escherichia Coli  
Escherichia is a genus of gram-negative, non-spore-forming, facultatively anaerobic, 
rod-shaped bacteria. Some of this genus inhibits the gastrointestinal tracts of warm-
blooded animals.The pathogenic members of the species cause infections outside the 
gastrointestinal tract such as diarrhea, urinary tract infection and the less common 
sepsis and meningitis. 
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The most known and researched member of the Escherichia genus is Escherichia 
Coli. 
E.coli and related bacteria make up about 0.1% of the gut flora and most E.coli types 
are a harmless, important part of a healthy intestinal tract, but some strains are 
pathogenic. A famous example is E.coli 0157:H7 strain. 0157:H7, however, lives in the 
intestinal tract of cattle and is primarily spread to people by eating contaminated, 
undercooked beef or drinking unpasteurized milk and generally not found in surface 
waters. 
 
E.coli is identified by isolation and biochemical testing, usually through one of its 
metabolic activities, one example is the formation of acid and gas resulting from 
catabolising glucose. Another example is how the enzyme ß-glucuronidase in E.coli 
hydrolyses the colourless substance of MUG, producing a bluish fluorogenic substance 
-4-methylumbelliferone (MU)- which fluoresces under long wave UV light. This is how it 
is identified during lab testing of samples. 
 
E.coli has thick outer coating called capsule that, enables it to survive extreme 
conditions and protects it from the immune system of its host, along with other small 
structures on its outer membrane called fimbriae, which help it bind to surfaces. 
Capsules and fimbriae help the bacteria transmit efficiently, as it adheres to fruits, rocks, 
human tissue , teeth and many other surfaces, thus enhancing its opportunities to infect. 
 
Each class of organism have different attributes, including size and charge which 
determine the way they travel and survive in aquatic environments, as well as their 
susceptibility to different processes of water treatment.  
 
 
 
Table (A) Reduction (in %) in indicator organisms numbers in different types of sewage 
treatment process (Atlas, R.M- 1997) 
Treatment E.coli Coliforms Faecal 
Streptococci 
Viruses 
Sedimentation 3-72 13-83 44-66 - 
Activated sludge 61-100 13-83 84-93 79-100 
Trickling filter 73-97 15-100 64-97 40-82 
Lagoons 80-100 86-100 85-99 95 
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Table (B) efficiency of various types of sewage treatment (Atlas, R.M., 1997) 
Treatment BOD (%reduced) Suspended solids 
(%reduced) 
Bacteria (% 
Reduced) 
Sedimentation 30-75 40-95 40-75 
Septic tank 25-65 40-75 40-75 
Trickling filter 60-90 0-80 70-85 
Activated sludge 70-96 70-97 95-99 
 
Table(C) Number of bacteria at different stages of sewage treatment (Atlas, R.M., 1997) 
Treatment Total Bacteria (Number/mL) Viable bacteria (Number/mL) 
Settled sewage 7×108 1×107 
Activated sludge mixed liquor  7×108 6×107 
Filter slimes 6×10¹º 2×109 
Secondary effluents 5×107 6×105 
Tertiary effluents 3×107 4×104 
 
The occurrence of infection depends on a number of variables, namely: 
a) the concentration of pathogens in the contaminated water, b) the infectious dose of 
the pathogen and c) the individual ingestion of the contaminated water (Hurst, C.J. et al, 
2002). These parameters could be controlled through better water treatment and source 
protection.  
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The following table demonstrates some of the most serious diseases contracted through 
water contaminated with faecal matter. 
 
Table(D)some examples of health hazards associated with water contamination (Hurst, C.J et al, 2002) 
Reservoir Disease Causative microbial genus 
Human reservoir Cholera Vibrio 
 Encephalitis Enterovirus 
 Entamoebiasis Entamoeba 
 Hepatitis Calicivirus, Hepatovirus 
 Meningitis Enterovirus 
 Paratyphoid Salmonella 
 Shigellosis Shigella 
 Typhoid fever Salmonella 
Animal reservoir Campylobacteriosis Campylobacter 
 Enteric fever Salmonella 
 Giardiasis Giardia 
Environmental 
reservoirs 
Encephalitis Naegleria 
 Cholera Vibrio 
 Legionellosis Legionella 
 Wound infections Vibrio 
 
The modern sanitation practices have more or less eliminated some of the listed 
diseases, such as Typhoid and Cholera in many countries, The main concern nowadays 
are Shigella and Salmonella caused diseases.  
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Environmental factors affecting microbial growth in general and the response of 
E.coli to them 
In an attempt to understand the distribution of microorganisms in nature, we need to 
understand the physicochemical factors affecting the microbial growth. There are many 
of those factors at play, some of which are more specialised and don’t always have the 
same influence on growth, example for which is pressure and radiation. The four key 
factors, however, are: temperature, pH, ionic strength (water availability) and 
oxygen.  
 
Temperature
 
 is considered the most determinant factor affecting microbial growth and 
survival, the temperature range for those differs from one microorganism to the next. 
The optimum temperature for the growth of a specific organism usually lies closer to the 
minimum end of the temperature range it can survive in.  
There are four temperature classes for microorganisms: Psychrophiles (low temp 
optima), Mesophiles (midrange temp optima), Thermophiles (high temp optima) and 
Hyperthermophiles (very high temp optima). The class we are concerned with the 
Mesophiles, the one found in warm blooded animals and terrestrial and aquatic 
environments in temperate and tropical latitudes, and to which most enteric bacteria 
belong. (Madigan, 2006). Over a certain interval of temperatures the plot of the growth 
rate for bacteria against temperature is linear. At higher and lower temperatures, growth 
rate decreases progressively.  
 
Most bacteria, including E.coli, can grow over a range of temperature of approximately 
40° C, the normal range of which extends from 21 to 37° C. The maximum temperature 
at which growth can be sustained is about 49° C, while the minimum lies between 7.5 
and 7.8 ° C. The optimum growth temperature for E.coli in a complex medium is 39° C. 
 
As with temperature, the pH 
 
range for growth and survival differs between 
microorganisms, overall the majority of them grow at 2-3 units, but in the environment 
the pH values lies between 5 and 9, so only organisms with optima in this range are 
found in nature. There are three classes of microorganisms in relation to pH values, 
namely: acidophiles (pH 0-6), neutrophils (pH 7) and alkaliphiles (pH 8-14). most enteric 
bacteria, including E.coli is classified as neutrophils. E.coli grows optimally between pH 
6.0 and pH 8.0, and its growth slows slightly at pH values of a unit or so beyond these 
limits. 
Ionic strength/ water availability means more than the obvious concept of how moist or 
dry a habitat is, it also encompasses the concentration of solutes in that environment, 
including salts, sugars, etc. The higher concentration of solutes there is in an 
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environment, the more water molecules are associated with the molecules of these 
solutes and the less available water molecules there are for the organisms, because of 
osmosis.  
 
Water availability in science has the physics-oriented term Water activity aw, the 
definition of which is “the ratio of the vapour pressure of the air in equilibrium with a 
substance or solution to the vapour pressure of pure water.” The values of water activity 
lie between 0 and 1, pure water having the value of 1, while agricultural soils have 
values between 0.90 and 1.  
 
Habitats with high salt concentration - mainly seawater - house organisms that thrive 
optimally at those water activity levels found at salt concentration of around 3%, these 
organisms are called Halophiles and they require sodium ions. This group is a small 
portion of all microorganisms, the bigger portion, which is called Halotolerant, is for the 
greater part intolerant of low water activity and either dies or becomes dormant in such 
condition. The final class of organisms from this regard is Extreme Halophiles, and 
those are adapted to environments of high salt content and require a concentration of 
salt around 15-30%. (Madigan, 2006). 
 
The effect of water activity and the osmotic stress caused by high concentrations of 
different solutes on the bacterial growth is proportional, in that higher aw substances 
tend to support more microorganisms. at low water availability values the response and 
growth of microorganisms differ significantly. Bacteria usually require at least 0.91 , 
while the lowest limit tolerated by any microorganism is around 0.63. E.coli has a 
moderate tolerance of low water activity, it doesn’t tolerate a water activity value lower 
than 0.95. (Neidhart et al, 1987) 
 
The last of the factor is Oxygen availability
 
. Oxygen is found dissolved in water and 
many organisms that live there use it for respiration, resulting in its depletion where 
organisms are found in big numbers, resulting in many habitats being characterised by 
severe Oxygen deficiency or its total absence. These are known as anoxic habitats, 
examples being sewage sludge, the intestinal tracts of animals, some types of muds 
and soils and the deep subsurface of earth.  
Types of microorganisms with regards to oxygen availability are, Aerobes: the 
organisms that use oxygen in their respiration and metabolism. Aerobes can be 
obligate, can only grow in oxic environments, or facultative aerobes - can grow in either 
oxic or anoxic environments, but grow optimally in the former. 
 
The other class is Anaerobes: The organisms that do not use oxygen in their 
respiration and metabolism. This class can be aerotolerant / facultative anaerobes - do 
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not require O2 and their growth isn’t enhanced in its presence, or obligates anaerobes 
and those cannot tolerate the presence of O2 as it is lethal to them. (Madigan, 2006) 
 
E.coli is facultative anaerobic bacteria, meaning it can switch between aerobic and 
anaerobic types of metabolism; hence it grows and survives disregarding the levels of 
available oxygen in the system. 
 
Another factor that affects microbes in the environment is sunlight/radiation, albeit not in 
as a major way as the previously listed factors. Sunlight is necessary for the growth of 
the photoautotrophic bacteria, as it is a vital component for their production of ATP .On 
the other hand, visible light and ultraviolet light can cause structural and DNA protein 
damage. The bacteria adapted to sunlight have the ability to synthesize carotenoids or 
other pigments that in turn absorb certain wavelengths of sunlight delaying or deterring 
the damage they cause. (Atlas, R.M., 1997) 
Other, of lesser impact, factors include: the levels of dissolved organic materials as well 
as predation and/or competition by indigenous microorganisms. 
 
Generally speaking, the survival for most pathogenic bacteria is higher in freshwater 
than in the sea, the latter acts as bactericidal for the non-marine bacteria. This means 
that pathogens are contracted via bathing in seawater only if it is located in the 
immediate vicinity of sewage inlets, but the possibility of infection being passed via 
particles of meat or fish in bird droppings extends further, due to the fact that the 
pathogens in the proteinaceous material of the droppings are largely protected from the 
bactericidal effect of the sea water, and could even multiply.  
 
A classic study by McFeters et al, 1974, has shown that the time it takes for the number 
of a population of enteric bacteria in well water at 20 C decreases by 50% ranged 
between 2.4 h for some Salmonella types and 26.8 h for some Shigella types. But 
recent research has discovered the ability of some enteric bacteria types to go into a 
dormant state - viable but nonculturable - at which they can survive for longer periods 
and will also, be infectious in high doses. (Hurst, C.J. et al, 2002) 
 
The survival times of bacteria in the environment are longer in sediments than in free 
water, and of course shorter in sea sediments than in the sediments of inland water. 
(Reinheimer, 1992)  
Luckily enough, enteric bacteria types are susceptible to disinfection and Chlorine is 
typically used to inactivate many microbes in public water sources. 
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E.coli in Nature  
While every microorganism has a “niche” where it is most successful, called its prime 
niche, they could still inhabit other niches less successfully. (Madigan, 2006) The niche 
for E.coli would naturally be its normal habitat - the intestines of warm blooded animals - 
but it can survive and sometimes reproduce in other niches, such as warm, fresh 
waters. 
 
The primary habitat, or niche, for E.coli is the lower intestine of warm blooded animals 
where it is “born” and spends half of its life cycle, its secondary habitat is the 
environment (water, sediment and soil), into which it is introduced through faecal 
deposition and spends the second half of its life cycle, before dying - higher probability - 
or being ingested by another warm blooded animal and colonises their intestine, where 
it starts multiplying again. Due to the radical difference in nutrition (amino acids and 
sugars) availability between the two habitats, Savageau, M.A have concluded that E.coli 
populations in the environment die with an average half life of 2 days.  (Savageau, M.A., 
1983). 
 
E.coli was classically believed to survive poorly in the environment, due to the different 
factors of temperature, pH, limited moisture, low organic content, salinity, solar radiation 
and predation. Recent studies, however, have shown that it could survive and 
potentially recreate in natural waters and soils of temperate (Ishii, S. et al, 2005), 
subtropical (Solo-Gabriele, H.M. et al, 1999) and tropical environments (Carrillo, M. et al 
- 1985) due to their higher level of nutrients and appropriate temperature range. The 
addition of manure enhances those chances of survival and multiplication  
This extended survival is thought to be due to the versatility of E.coli in energy 
acquisition. Being a heterotrophic bacterium, it needs simple sources of carbon and 
nitrogen, as well as some trace elements for growth. It can degrade some aromatic 
compounds found in nature such as benzoic acid to acquire energy.  
 
E.coli is also versatile in being capable of aerobic and anaerobic respiration, as well as 
surviving a broad temperature range (7.5 - 49ºC). (Ishii & Sadowsky, 2008) 
 
According to Guan & Holley, zoonotic pathogens from swine and cattle survived longer 
in water than soil and manure and overall at lower temperatures than the higher ones. 
They measured the survival of E.coli O157:H7 in these three media and came out with 
the following values: 
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Table(E) the survival time of E.coli in different types of environments.  
Environment Temperature Survival in days 
Natural water Frozen (-4ºC) > 91 
 Cold (4-8ºC) > 91 
 Warm (20-30ºC) 49 - 84 
Soil Frozen (-4ºC) 99 
 Cold (4-6ºC) 99 
 Warm (20-30ºC) 56 
Cattle manure Frozen (-20 or -4ºC) > 100 
 Cold (4-8ºC) 70 
 Warm (20-37ºC) 49-56 
Cattle manure slurry or liquid 4, 20 or 37 ºC 27-60 
source -(Guan, T.Y& Holley, R.A- 2003) 
 
Guang Jin et al, (2004) confirmed that E.coli favoured sediments as a non-starvation 
environment , 88% of the E.coli in that study were found associated with suspended 
sediment particles, which allowed it to travel with the current.  
 
Other possible factors affecting the survival of E.coli in marine waters could be 
predation by indigenous microorganism. If the indigenous microorganisms have already 
established a powerful niche in the habitat, they may overtake any intruders. The new 
smaller populations of E.coli could simply be consumed or killed off by the already 
present microorganisms. Several studies have documented the effect of the predation 
of the indigenous bacteria and protozoa in estuarine water on the destruction of the 
E.coli population introduced by sewage run off. Predation, however, reduces the 
bacteria to a certain level but doesn’t remove it completely. Light induced cell damage 
as well was suggested to contribute greatly to the decline of E.coli numbers in said 
environment. (McCambridge, J. and McMeekin, T.A.- 1980) 
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Animals and birds’ contribution to water contamination and the transmission of 
faecal pathogens 
 
One of the limiting factors of using indicator pathogens such as E.coli and enterococci, 
is the inability of the standard tests to specify the source of the contamination, whether 
human, avian, bovine, or otherwise. Further and more complicated testing needs to 
done to identify those. Identification of the source of a certain pathogen can be 
established by DNA fingerprinting and multiple antibiotic resistance tests (MAR). 
The sources of faecal material in water could come from various sources, including 
agricultural land and cattle feedlots, faecal material from domestic animals, poorly 
functioning septic tanks and other wastewater applications, as well as wildlife 
The contribution of wildlife and livestock animals to water contamination is of concern to 
us for two reasons; the first is health risk related, as water and migratory birds’ 
droppings increase in recreational waters during the height of the bathing season of 
warmer months, when migratory birds return to Denmark and North Europe in general 
to breed.  
 
According to the US national wildlife health center’s “Field manual of wildlife diseases” 
(http://www.nwhc.usgs.gov/publications/field_manual/chapter_12.pdf), “avian strains of 
E.coli are not important cause of infection to humans or species other than birds,” 
however, it is a well documented fact that birds can be a reservoir to many types of 
bacterial pathogens that infect humans, such as salmonella. Birds can also get infected 
with and be a reservoir of other pathogens such as Chlamydia psittaci and the infamous 
avian flu (N1H1, H1N2, H2N2 and H5N1). in addition , some of the avian natural gut 
flora could become opportunistic human pathogens under the right conditions, such as 
Enterococcus faecalis. (Kleinheinz & Busse, 2011) 
Cattle on the other hand are well known reservoirs of pathogenic E.coli that infects 
humans and other species.  
 
The other reason of concern regarding the source of faecal contamination is that it could 
result in misleading interpretation of test results. As we discussed above, avian wildlife 
contributes to a great deal to the total count of indicator organisms such as faecal 
coliform bacteria present in recreational waters and in some cases to the overall 
number of E.coli as well, through direct defecation in the unprotected surface water. 
Cattle also contribute either in the same way or through runoff resulting from seepage of 
water through soil containing excessive manure.  
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9. The Blue Flag Water Quality Standard 
The Blue Flag is an eco label awarded to beaches, marinas, boats and whale watching 
boats. The programme is run by an international, non-profit, non-governmental 
organisation that is called FEE (the foundation for environment education). It was 
started in France 1985, expanded to Europe since 1987 and outside Europe since 
2001, (www.blueflag.org) 
The programme promotes sustainable freshwater and marine areas development, 
pushing the local authorities to achieve high standards in the areas of water quality, 
environmental management, environmental education and safety.  
The blue flag criteria are either imperative or guidelines, although most of them are 
imperative. 
The criterion we are concerned with in this investigation is the water quality criterion, as 
it is the one dealing with the environmental side of the Blue flag directive. 
In order for a location to be compliant with the requirements of the blue flag directive, 
when it comes to the water quality part, the following must be fulfilled: 
● The beach must fully comply with the water quality sampling and frequency 
requirements.   
● The beach must fully comply with the standards and requirements for water 
quality analysis.    
● No industrial, waste-water or sewage-related discharges should affect the beach 
area.   
● The beach must comply with the Blue Flag requirements for the microbiological 
parameter faecal coli bacteria (E.coli) and intestinal enterococci/streptococci.    
● The beach must comply with the Blue Flag requirements for physical and 
chemical parameters.   
 
The microbial parameter of this standard - the fourth bullet - is the one we are 
investigating, and to which all our measurements and testing is related.  
 
The FEE's bathing water quality criteria is based on the directive of 1976 of the 
European union, and will be changed to follow any new directive that could be adopted 
by the EU in the future. 
Bathing Water Quality Criteria: 
 
The criteria involve: 
1)  Microbiological parameters    2) Physicochemical parameters 
 
The beach with the blue flag label should have at least one sampling site, the number of 
sampling sites should correspond to the number and concentration of bathers, as well 
as to the possible sources of pollution present. 
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A full copy of the Blue Flag criteria is attached in the appendices section of this paper 
and could be consulted for the full details of the parameters. 
 
10. Methods 
 Field work  
 
As mentioned before, Korevlerne fits the classifications of a bar-built estuary and a 
coastal lagoon. It is located between a bay and a community of summer houses. As 
shown on the map below, the site has a long stretch of water, made up of ponds and 
rivers, or inlets that flow into those ponds from the land. This the coastal lagoon estuary 
is situated in the north-western part of Zealand in Korevlerne in the bay of Sejerø.  
Description of the Site 
 
The estuary is composed of seven inlets that flow into four ponds. There is a fifth pond 
in the most southern part which is completely separated from the estuary which we did 
not take into consideration because; being closed off from the rest it doesn't interfere 
with the estuarine system. 
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Map (2) , The study are Korevlerne situated in the north-west of Zealand with the 15 sample 
spots source: Aakerberg, E.et al, 2012 
 
The distance from pond 1 to pond 4 is approximately 3,15 kilometres. The lagoon is 
shallow in most of the parts with deeper places in pond 3 and inlet 7 that do not exceed 
2 meters. All the ponds have an average depth of 20 centimetres except pond 4 which 
is 10 centimetres deep. 
Scattered along the coastline are summer houses and a small population of cows. This 
map does not show the summer houses.  
 
Map 2: Sejerøbugten, Korevlernes bay: This is the location of our site. We took samples 
from Pond 1, Pond 2, Pond 3, and Pond 4. The small blue lines are the rivers that run 
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into the estuary. These blues lines resemble the inlets in which we collected samples 
from. The area where the seawater meets the estuary is the Gap.  
 
We chose 15 different spots to collect water samples on Sejerø Bugt, to have a wide 
range of locations and results. The logic behind our location choices was to have a 
range of different locations with different concentrations of bacteria and salinity. We 
wanted to cover as many spots on the bay that, as a whole, could represent the area in 
our data findings. We chose areas where streams, rivers and runoffs from the 
summerhouses enter the ponds. These areas are called inlets. The smaller bodies of 
water in the estuary that the inlets run into are called ponds and we also sampled from 
them. The next place we selected was the mouth of the estuary, the location in which 
the bay meets with the freshwater. Lastly, we took samples from different locations on 
the shoreline, where the Blue Flags stand and where the water is open to the public for 
swimming. Overall we wanted to trace the sources of bacteria from the rivers, to the 
ponds, then to the swimming area and try to see how the concentrations change and 
which locations had high concentrations and which had low concentrations of bacteria. 
The Logic Behind the Sampling Locations 
  
The inlets: 
We took water samples from all the inlets listed on our map of the area. These inlets are 
where the rivers run into the estuary from the mainland. We thought it was important to 
compare the different sources of possible pollution that came from the direction of the 
summerhouses into the estuary. The inlets seem to be the main source that would carry 
possible pollutants from the summerhouses into the natural environment. 
  
The Ponds: 
There were five pounds and we sampled from four of them. We sampled from all the 
ponds that had direct physical contact to the inlets, summerhouses and or the bay. The 
last pond, Pond 5, was further south and separated from the summerhouses, the inlets 
and the bay, so we did not test that one. 
  
The Mouth/Gap: 
The Gap was important to us because we thought it was the big mixing pot of the whole 
locations. As the possible pollutants travel away from the summer houses and into the 
freshwater estuary, they dilute and mix with salt water from the bay. This is the location 
where the bay meets the freshwater, so we thought it would be a good place for 
sampling. 
  
The Beaches: 
The beaches are where the Blue Flags are located. They are the public bathing areas 
and we wanted to test the water in these locations to compare it to the Blue Flag 
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regulations. For more accurate results we chose 3 beach locations. These locations 
were labeled: Beach North, Beach Mid, and Beach South.  
 
Execution  
Fieldwork was conducted on Tuesday, 30 October, 08:00. It was a clear day with no 
wind and the temperature was around 10-13 degrees Celsius. Water temperature 
ranged between 5⁰C and 10⁰C during the sampling process and water salinity ranged 
between 0 and 19 over the sampling area. 
 
2 duplicate sets of 15 water samples , each of 100 ml volume were collected at the 15 
sampling locations marked on map 1. Samples were collected in sterile bottles and 
transported to the lab in a heat insulated box containing frozen units, according to the 
Danish standard for collection and transport of water sample for microbiological analysis 
DS 2250. An extra set of 15 samples were collected for the measurement of salinity and 
pH, which was done at the site right after the collection was finished.  
 
Upon reaching the lab, the 2 water sample sets were labelled and stored in the 
refrigerator at 4-5 ⁰C for 48 hours.  
 
The first set of samples was used for procedure (a) - see lab work section - after 48 
hours of refrigerated storage, while the second set was used for procedure (b) after 72 
hours of refrigerated storage.  
 
pH values of the 15 samples were measured on the spot using a pH meter after 
cleaning it with  sterile water, the meter was then dipped in the water sample and the pH 
value was read off the digital screen on the side of the meter. It is important to measure 
the pH-value as soon as possible, as it may vary or be affected by the surroundings and 
change upon storage.  
 
The procedure for salt content is conducted with a refractometer. We zeroed the 
refractometer with distilled water, then took a few drops of a water sample, then put 
them on the glass in our salt concentration meter. The results were read from a scale on 
the side in the units of ppt. 
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11. Laboratory analysis  
All used equipment as well as culture media were autoclaved to maintain a sterile 
environment and eliminate any source of contamination. The collected samples were 
then to be tested to investigate any traces of wastewater contamination. 
 
Two basic bacteria water quality tests were chosen to be run on our water samples: 
a) The first test is “ISO 6222 test for enumeration of culturable microorganisms-- colony 
count by inoculation in a nutrient agar culture medium” . This is a broad spectrum test 
designed to detect any type of culturable bacteria present in the water sample, 
disregarding its source. The results of the test are used for overall evaluation of the 
effectiveness of drinking water treatment. 
 
The test uses broad spectrum, complex agar for growth medium and the pour plate 
technique for inoculation of water samples in petri dishes. A tenfold dilution series is 
inoculated in the petri dishes, and the dishes are then incubated for 3 days at 22 ºC. 
Another undiluted sample is cultured for 2 days at 37 ºC. After incubation the plates are 
taken out and the formed colonies are counted. Only the plates with colony counts 
between 30 and 300 colonies are used in the calculation, and that is because the plates 
with less than 30 colonies has a statistically inaccurate weight, while those with more 
than 300 colonies are too crowded to allow all viable cells to grow into colonies, and 
they end up near impossible to count accurately. 
 
The number of viable cells in the original sample is calculated as follows: 
𝑪𝑭𝑼(𝑷𝒓.𝒎𝑳)  =  𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒄𝒐𝒍𝒐𝒏𝒊𝒆𝒔
𝑻𝒐𝒕𝒂𝒍 𝒗𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝒅𝒊𝒍𝒖𝒕𝒊𝒐𝒏𝒔 
 
Note that, since we use different dilutions for the same sample, it is necessary to 
multiply the volume of each dilution with its dilution factor, in order to get the final 
dilution. This is because plating 0.1 ml of a certain dilution is mathematically identical to 
plating 1 ml of a further 10 fold dilution.  
The ISO 6222 standard  - see appendix - was followed for this test, with the substitution 
of the diluent (saline peptone) for Magnesium Sulphate MgSO4.  
 
 
b) The second test is “ISO 9308 - Water quality - Detection and enumeration of 
Escherichia coli and coliform bacteria in surface and wastewater - Part 3: miniaturised 
method (Most probable number) by inoculation in liquid medium.” It is evident from the 
title of the test that it is designed to detect a specific indicator microorganism, namely 
E.coli, the test also is suitable only for testing surface water.  
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In this test we use enriched and selective liquid growth medium, which encourages the 
growth of Coliform bacteria. The addition of EC-Mug facilitates the detection of E.coli 
presence, as this particular bacteria produces and enzyme (ß-glucuronidase) that 
hydrolyses the MUG compound, producing a fluorogenic product (4-methylumbelliferone, 
MU) which is visible under UV light.  
A series of dilutions was made (1/2, 1/20, 1/200 and 1/2000) and then inoculated in 
microtitre plates, which were then incubated for 36 h at 44⁰C  
The title standard was followed only for bathing water and fresh surface water dilution 
series.  After incubation the plates are examined under UV-light and the fluorescent 
wells are counted for each plate.  We then find the 
three numbers representing the three sets of 
tubes/wells, that show the growth to extinction. 
The set of these three numbers are then 
compared to values found in an MPN table, every 
combination of numbers translates into an MPN in 
the table.(Hurst, C.J. et al, 2002) 
 
 
(link to one example MPN 
table: http://www.jlindquist.net/generalmicro/102dil
3a.html
image via the same webpage) 
  
The most probable number could also be found by counting the number of positive and 
negative hits in the first phase of the test (confirmed phase) and then using these 
numbers with the following formula to determine the MPN/100 ml. 
MPN/100 mL = 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑡𝑢𝑏𝑒𝑠 ∗100 �(𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑡𝑢𝑏𝑒𝑠) ∗(𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑎𝑙𝑙 𝑡𝑢𝑏𝑒𝑠) 
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12. Results 
 
A summary of all water measurements is shown in Table 1. 
We can see that temperature differences between the stations 
were small; all the temperatures fell in the range 8 to 10 
degrees Celsius.   
 
The salinity values showed the gradient one would expect with 
freshwater in the inlets and nearly full marine water in the 
beach sites. Pond salinities were intermediate having most 
brackish water. We note, however, that inlets 5 and 6 have 
high salt concentrations of 13, contrary to the expected. 
 
The pH values fell between 6 and 8, as expected for a healthy 
estuary. The counts of culturable bacteria per ml and E.coli per 
ml varied significantly throughout the estuary, with higher 
levels in the inlets and ponds and lower levels at the beaches. 
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 Map(3) location of 
inlets and ponds - 
source ( Aakerberg, E. 
et al, 2012) 
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  (Table 1) -  assembled measurements and readings for all 15 samples.  
Sampling station Temp ºC pH 
Salinity 
[ppt] CFU/ml 
 
MPN/ml 
Inlet 1 10 7.09 2 1830 0.42 
Inlet 2 11 7.31 1 31090.1 0.16 
Inlet 3 8 7.5 0  29800 0.51 
Inlet 4 7.5 6.75 1 89000 0.16 
Inlet 5 8 6.6 13 29727.3 <0.075 
Inlet 6 7 7.54 13 29727.3 0.076 
Inlet 7 9.5 6.85 7 47000 <0.075 
Pond 1 5 7.7 14 31454.5 0.33 
Pond 2 7.5 7.88 18 10100 0.076 
Pond 3 9.3 7.8 18 1827.3 0.23 
Pond 4 8 7.66 17 1830 0.24 
Gap 8 7.92 19 1240 <0.075 
Beach 1 north 6 7.79  18 16036.1 0.06 
Beach 2 mid 7.5 7.92 19 2120 <0.029 
Beach 3 south south 9 7.75 19 1860 0.029 
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Another form of spatial distribution for the all the culturable bacteria and E.coli is 
Histograms 1 and Histogram 2. They give a quick visual representation of the levels of 
bacteria in the estuaries which are distributed into two different gradients a in to out 
gradient and a north to south gradient. This gradient patterns support our hypotheses. 
 
 
Histogram 1 
Distribution of the CFU against the sampling locations grouped from the innermost to the 
outer regions of the estuary.  
Histogram 1 shows that the level of all culturable bacteria is the highest in the inlets, 
with a noticeable decrease in the ponds and with a very steep decrease in the gap and 
beaches. In Beach north were found surprisingly high numbers comparing with the other 
beaches and gap. 
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Histogram 2 
Distribution of E.coli against  the sampling locations grouped from the innermost to the 
outer Regions of the Estuary 
In Histogram 2 the E.coli distributions follows a lower pattern trends than in Histogram 1 
meaning that the gradients (differences) are smaller.  Here there are more stations that 
broke the gradient pattern. For example inlets 5 and 7 have the E.coli levels close to 0 
while the other inlets have a significant higher E.coli content. 
 
Another gradient worth examining in the data are differences between the northern and 
southern part of the system which is shown in Histogram 3 and Histogram 2. 
 
Histogram 3 
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CFU levels against sampling locations grouped from north to south 
The north to south gradient represented in Histogram 3 shows a slightly higher level of 
culturable bacteria in the north station than in the south station. Inlet 1 does not have as 
high level as the other inlets as we expected. 
 
 
Histogram 4 
MPN levels against sampling locations grouped from north to south 
For the E.coli content it can be seen a big difference between the north and the south 
stations. The north station has a significant higher levels of E.coli overall. Here inlet 5 
and inlet 7 do not have any E.coli content, while ponds 3 and 4 have a higher E.coli, 
around 0.27, level than the inlets. 
 
The last type of representation is plotting the culturable bacteria against E.coli both of 
them transformed into the logarithmic scale. This representation shows that there is a 
weak linear relationship there is between the two bacterial measures. The correlation 
coefficient given by Diagram 5, which is equal to 0.322, reflects a weak linear 
relationship between the levels of culturable bacteria and E.coli. 
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Diagram 5  
The relation between CFU and MPN concentrations  
R = 0.322 
 
13. Discussion 
Possible Sources of Error 
The most common source of error could be contamination. Before entering each 
location we walked through the agricultural sites, paths and roads. We could had picked 
up particles from any of the locations and transported them to the area where data was 
being collected, therefore altering our results. General wildlife around the area could 
have influenced the sample locations. The two thermometers that were used were 1 
degrees celsius different.  
 
 
Bacterial distributions in the estuary 
Table 1 shows that there are no threatening levels of E.coli, no levels above 250 colony 
forming units/100ml, in any of the samples we collected from the 15 sampling locations. 
That doesn’t necessarily mean no faecal bacteria and pathogens are being released 
into the estuary by the water treatment system of the septic tanks. There could simply 
be other factors present in the estuarine system that manage to decrease the numbers 
of our indicator pathogen of choice, possibly resulting in misleading results. The 
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measured pH values are all between 6 and 8, which represent the values expected for a 
healthy estuary and which is a the optimal range for E.coli growth.  
 
If we now consider histograms 1 and 2, representing the in to out (closer to the 
summerhouses and further away from them) concentrations of culturable bacteria and 
E.coli respectively. 
In histogram 1 we notice that the distribution of culturable bacteria is highly skewed to 
the left - towards the “in” end of the sampling locations, which is more or less expected, 
as the water closer to the shore receive more nutrients as well as contaminants either 
through runoffs or soil. The concentration of these bacteria fall the further away we 
move from the land and towards the sea, which is in keeping with the increase of 
salinity and the change of aquatic nature from the biologically rich brackish and 
comparatively stagnant water of the estuary towards the saltier, moving water of the 
sea. A curious exception is Pond 3 and Pond 4, which displayed a much lower CFU 
levels than the northern ponds (yet still showed a comparative high levels of E.coli). 
 
A similar trend is displayed in histogram 2, albeit not as obvious. The histogram shows 
high levels of E.coli concentrations in the inner northern part of the estuary (areas 
where the summerhouses are closest to the water), which then fall towards the inner 
southern area with the middle inlets of the high salinity values and where the 
summerhouses are comparatively further away from the water, then we see the 
concentration of E.coli rises again at the whole middle part comprised of estuarine 
ponds, then fall again at the gap and the beach areas.  
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Satellite image 1  - showing the difference in distance between the summerhouses and the water 
from pond 1 to pond 4 - source: google maps 
 
We can see from diagram 2 that the distribution of E.coli follows a modified in-to-out 
distribution, with the exception of the middle inlets. though this could be explained by 
the bigger distance from the houses to the water in the southern part as well as the 
increased salinity, but found out that the southern ponds, which are fed by these inlets 
and have more or less same salinity, still had much higher MPN numbers. 
 
Finally, considering histograms 3 and 4 which display the north to south distributions of 
CFU and MPN levels, respectively, we can see that in both cases the concentrations 
are slightly higher towards the northern and middle parts, and concentrations dip 
towards the south. 
In histogram 3 we can see that apart from inlet 4 with its very high concentration, the 
overall 
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CFU concentration is at similar levels at the northern and middle parts of the estuary, 
these concentrations are much higher than those seen at the southern part of the 
estuary. That could be explained again by the closer proximity of the summerhouses to 
the water at the northern part of the estuary, thus introducing more nutrients to the 
present bacteria to feed on.  
 
Histogram 4 shows a trend that agrees very well with that displayed in histogram 2, the 
E.coli levels are higher in the northern part of the estuary with its inlets and ponds, they 
dip when we move towards the southern parts with the exception of ponds 3 and 4, 
which indicates a localised source of E.coli unrelated to the inlets 5,6 and 7 as those 
showed much lower E.coli probabilities.  
Sinks and Sources of Bacteria   
Another representation of the results is plotting the culturable bacteria and E.coli levels 
against salinity which gives the estuary´s mixing curve (Diagram 1 and Diagram 2). This 
curve is in the shape of a decreasing line which shows a decreasing level of culturable 
bacteria and E.coli with the increased salinity and the sites with sources of bacteria and 
the spots where bacteria was for some reasons removed. 
 
Diagram 1   
The distribution of CFU against the salinity concentration from inlet to beach. Sample 
identification is the same as table 1 
The estuarine mixing line (Diagram 1) shows that the levels of culturable bacteria fall 
with the increasing salinity. The spot with the highest bacterial levels is inlet 4 with 
aCFU value 89000 while some of the spots with low bacterial numbers, possibly 
indicating a sink (or at least no great source), are inlet 1 with CFU of 1830 and a salinity 
value of 2 ppt., inlet 2 with CFU 31090  salinity 10 ppt  and inlet 3 CFU 29800 salinity 0. 
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The marine end members are all low, as expected, therefore using an  estuarine mixing 
approach is thus appropriate. 
 
 
 
Diagram 2   
The distribution of E. coli against the salinity concentration from inlet to beach 
The estuarine mixing curve also shows here a decreasing pattern in the levels of E.coli 
with increasing salinity. Some of the spots with similar bacterial source seen in the 
diagram are  E.coli source at pond 1 with MPN value 0.33  and high salinity of 14 as 
well as pond 3 with MPN 0.23 and a higher salinity of 18 and pond 4 with MPN 0.24 
salinity 17. Areas of E.coli sinking in the same diagram are inlet 2 with MPN 0.16 and 
salinity 1 and inlet 7 with MPN less than  0.075 and salinity 7. 
 
Diagram 1 displays the distribution of culturable bacteria over the entire area, which is a 
strong bacterial presence overall with an evident decrease with higher salt 
concentrations. Diagram 2, which displays the trend for E.coli levels against salinity, is 
more or less a reflection of the same picture drawn by diagram 1. The numbers follow a 
linear trend that decrease with increased salinity.  Both diagram results support the 
findings from Bacterial Production in Estuaries chapter that bacteria supplied by the 
freshwater inputs do not survive and multiply as much, as they move into saltier waters. 
Another reason for these decreasing levels could be that the bacteria have simply 
spread out as it travelled in water away from its original source. 
 
In both Diagram 1 and 2 deviations could be seen above and below the estuarine 
mixing line. The points above the line represent areas of bacterial sources, while those 
below the line represent areas of bacterial sinking. One obvious area of bacterial source 
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in diagram 1 is inlet 4 (CFU value 89000). We could argue that this high number of 
culturable bacteria, which is not matched with a high E.coli rate, there could be an area 
of estuarine turbidity maximum at inlet 4, as it is located near the salt front and the 
physical conditions at such a location could cause high levels of suspended particles. 
 
The obvious areas of bacterial sinks (or lack of sources) in diagram 1 are: inlet 1 with 
CFU of 1830 and a surprisingly high ratio of E.coli at 0.42, against a salinity value of 2. 
Other areas of bacterial sinking are also inlets 2 (CFU 31090 / MPN 0.16/ salinity 1) and 
inlet 3 (CFU 29800 / MPN 0.15 * highest value/ salinity 0). 
 
Diagram 2 shows a higher level of E.coli at pond 1 (MPN value 0.33 with high salinity of 
14) as well as pond 3 (MPN 0.23 / salinity 18) and pond 4 (MPN 0.24 / salinity 17). This 
is surprising, since the higher the salinity, the higher the ionic strength/lower water 
activity in the area, and this should be affecting E.coli numbers negatively. Other spots 
showing E.coli sources in the same diagram are inlet 2 (MPN 0.16 / salinity 1) and inlet 
7 (MPN <0.075 / salinity 7). 
 
 
Relationship between the two types of measured bacteria 
Diagram 5 show linear relationships between culturable bacteria and E.coli levels. A 
correlation coefficient measures how strong the linear relationship is between the 
culturable bacteria and E.coli and is always a number between -1 and 1. A correlation 
coefficient close to -1 gives a strong negative linear relationship (which would mean that 
if the culturable bacteria increase, the E.coli decreases), while a result close to 1 
represents a strong linear relationship (culturable bacteria increases, E.coli increases). 
The closer to 0 the value is, the less of a linear relationship is between the variables. 
The correlation coefficient given by the graph and calculations is 0.322 which means 
that there is some linear relationship between culturable bacteria and E.coli, but 
because the value is not that close to 1, the relationship is not strong. A positive 
correlation indicates that bacteria are being affected by some of the same factors, on 
the other hand, the weak correlation says, that as expected, there are differences in 
what regulates culturable bacteria versus E.coli. 
 
Theoretical sources of faecal contamination in the bay area 
As seen in the results and the previous section, The bacteria levels and E.coli levels in 
particular that were detected in the samples we collected, are nowhere near significant 
and do not raise any kind of alarm. The Blue flag criteria (Appendix 1 - page 10- 
Criterion 10) specifies the limit of E.coli in coastal waters by 250 CFU/100 ml and 500 
CFU/100 ml for inland waters   
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The data we found, however, shows a certain pattern for bacterial distribution in relation 
to the summerhouses, with higher levels towards the inlets - and with the exception of 
ponds 3&4- and decreasing bacterial level the further away from the summerhouses we 
get. This is a strong indicator that the inlets are sources of bacterial input. 
 
We have reasons to believe that the obtained results do not reflect the levels of 
microbial contamination that would be detected, have these samples been taken in a 
different time of the year.  
As was mentioned early on in the case study section, the motivation behind this 
investigation arose from the concern regarding the use of septic tanks and their 
generally known lower efficiency compared to water treatment networks. That added to 
the lack of enforced regulation and maintenance where they are concerned raises a real 
potential of biological interference in the estuarine environment and a health risk 
potential in the beach area. 
 
 The following section attempts to make an approximation of the faecal indicator 
bacteria being discharged into the bay, based on the contribution of different faecal 
sources as well as the removal efficiency of septic tanks in relation to the area they are 
in. 
 
 
 
Summerhouse inhabitants contribution to E.coli numbers  
According to (http://www.odsherred.dk/page1938.aspx) There are 32,640 residents in 
Odsherred Kommune as for Jan.1, 2012, the commune Sejerøbugten is part of, and 
there are 25,000 summer house residents.  
In an attempt to determine the efficiency of septic tanks in the area located next to the 
estuary,  
we observed an area of  the summer houses located on both sides of Ellinge Strandvej, 
which leads to the estuary´s Gap . we divided the area in two 400 m × 400 m areas 
(160,000m each), the middle divider being Ellinge Strandvej. 
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Satellite image (2). Summer houses North of Ellinge Strandvej. 
 
Upon observing the two areas (Satellite images 1 and 2) we could count between 145-
155 houses in the area north Ellinge Strandvej and around 118-124 houses south of it. 
And since the standard advised area for a leaching field is 4000 m² per 1000-2000 litre 
tank (Tyler, E. T. et al, 1977). That means the space allocated to the leaching fields is 
substandard.  
The houses in north of Ellinge Strandvej (Satellite Picture 2) have between 1100-1032 
square meters of land per house. While the houses south of Ellinge Strandvej (Satellite 
Picture 3), have between 1355-1290 square meters of land per house. Every property is 
a little different but we can conclude that in general, the land space per summer house 
is not sufficient for a septic tank use. We cannot determine with certainty that this will be 
hazardous to the environment around the houses, due to other factors being involved 
such as maintenance, but it causes strong concerns about the potential seeping of 
nutrients and wastewater into the environment.  
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Satellite image(3). Summer houses south of Ellinge Strandvej. 
 
The area each summer house occupies, does not meet the area recommended to 
septic tank users. Some summer houses have bigger yards and are situated far from 
the shore, but other houses have small distances between them. This could contribute 
to an overflow of wastewater into the estuary. An overflow of wastewater would be more 
likely to occur and more problematic during the warm summer, when thousands more 
people are using the septic tanks and swimming areas. Accordingly, we have strong 
indicator supporting the hypothesis that during the summer season, the levels of 
bacteria in the septic tanks runoff would be much higher than the ones we detected in 
October.  
 
Let’s now roughly calculate those levels of E.coli bacteria we expect to find mid season. 
 
We measured the whole area of the land the summer houses occupy and found the 
rough number of houses to be 5748. Assuming that each summer house has 4 
inhabitants we multiplied the number our houses over all by four to find the rough 
population, 22.992. This number is very close to the one published by the municipality, 
which confirms our estimation. 
 
Parker & Gallagher (1988), calculated that humans produce a mean of 95,5 g wet 
weight faecal material, with corresponding mean of dry weight at 20.5 g per day, while 
Polprasert, (1989) have calculated the human faecal production per person per day to 
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be in the range of 100-400 g wet weight with 30-60 gram dry weight. Averaging the 
above numbers, we get a production of around 230 g wet weight per person per day. 
 
According to Todar, (2002), the numbers of viable E.coli bacteria present in the faeces 
of adult human: logarithm of viable count per gram of faeces (wet weight) are: 6.7. 
Another source Tannok, G.W. (1995) has estimated the number of E.coli in human 
faeces to be between 106 and 107 pr. gram wet weight. 
 
Bearing in mind that the waste produced by the summerhouses undergoes water 
treatment, hence the numbers of viable E.coli counts released into the estuary from that 
source would have been decreased to a fraction of the calculated number.  
 
Referring to Table (B) on page 27
 
 of this report, we find that the efficiency of septic 
tanks in bacteria removal ranges between 40 - 75 %. Another study by Pfluger ( 2009), 
found the mean of E.coli reduction by septic tanks + leaching field to be 98.5% and 83.8 
% by septic tanks alone. 
We can calculate the levels of bacteria being released with the septic tank effluent as 
follows: 
 
number of inhabitants × g wet weight fecal matter produced pr.capita pr.day ×number of 
E.coli pr.g wet weight × the percentage of reduction by the septic tanks to get the total 
number of E.coli ,  in theory being released in the effluent 
then divide the above by the number of water litres in the ponds(Table F) multiplied by 
1000 (to get results E.coli count /ml) 
 
● assuming a septic tank with removal efficiency of 75%:  
Estimated number of E.coli in effluent = (23000 × 230 g× 107 ×0.25) /(9346 × 104 
L×1000) = 196.9 pr.ml 
 
● assuming a septic tank with removal efficiency of 83.8 %: 
Estimated number of E.coli in effluent = ((23000 × 230g× 107× 0.16) /(9346 × 104 
L×1000) = 90.5 pr.ml 
 
● assuming a septic tank and leaching field with removal efficiency of 98.5 %: 
Estimated number of E.coli in effluent = ((23000 × 230g× 107× 0.02)/(9346 × 104 
L×1000) = 11.3 pr.ml 
 
Accordingly, in  the best case scenario, where the leaching fields and the tanks are 
working optimally - which we have a strong doubt they are - the concentration of E.coli 
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is expected to be around 11.3 per ml, i.e. 1130 pr.100 ml. This number is more than 
double the upper limit of the blue flag standard for inland water (500 CFU/100 ml). 
 
 
Table (F) Amount of water in the ponds (source: Aakerberg, E.et al, 2012) 
Ponds water volume [m3] water volume [L] 
Pond 1 31150 31150000 
Pond 2 39600 39600000 
Pond 3 20060 20060000 
Pond 4 2650 2650000 
Total = 9346 × 104 
 
According to the municipality’s management plan of the site, the ratio of cows is 0.25 to 
0.5 cows pr. hectare. The area of the marsh is divided into northern half made up of 52 
hectare, 25 of which are to be grazed in the first phase of the project, resulting in 7-13 
heads of cattle. The southern half of the marsh is made up of 43 hectare, 20 of which 
are to be grazed in phase one, which gives between 5 -10 heads of cattle. Between 
April 2011 and the end of grazing season, total of 15 heads of cattle were used for the 
project. The municipality website (
Livestock contribution to E.coli numbers  
http://www.odsherred.dk/page6822.aspx) stated their 
intention to up the number for the following year to 15 mature cows and 9 calves in the 
grazing season of 2012 (1 April - 1 November in harsh winters, whole year in mild 
winters). Each young cow generates about 10 – 12 kg of dung per day, while grown 
cows produce between 46 and 70 kg dung per day, around one third of which is dry 
weight and 2 thirds are wet weight.(Weiss & St. Pierre, 2010).  
 
The waste produced by the cows is out in the fields and any sort of water runoff from 
those fields that happens within a day from the excretion of the waste, E.coli survives 
for approximately one day in soil, will carry very high numbers of the pathogen to the 
water. 
 
According to (Todar, K., 2002), the numbers of viable E.coli bacteria present in the 
feces of adult animals: logarithm of viable count per gram of feces (wet weight) are: 
Cattle: 4.3 
 
Based on the info above we can estimate the number of viable E.coli produced each 
day by the cows as follows: 
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Mature cows: 15× (46+70)/2 ×1000 ×104.3 ≃  17.4 ×109 
calves: 
Total = 19.3 × 109 pr. day.  
9 × (22/2) × 1000 ×104.3 ≃ 19.8 ×108 
Of course not all cows and calves deposit their dung directly in the water, in which case 
the numbers of E.coli at the spot would be very high - cow dung in most cases is 
deposited on the ground and unless transferred by water runoff or other means, E.coli 
populations will die within a day in soil.  
 
However, there are stations where we sampled that showed unexplained sources of 
E.coli , ponds 3 and 4 for example, the inlets to which didn’t show corresponding levels. 
This could very well be a case of cow dung being deposited in the ponds while its 
microbial content was viable.  
It is not hard to see that in higher temperatures, such instances of microbial content 
transference could result in higher rates of faecal contamination in the estuarine waters, 
which can in turn result in higher rates of survival for faecal bacteria reaching the 
beaches. 
 
Wildlife sources for faecal contamination - which we mentioned earlier in theory - should 
also be taken into consideration when assessing the health risks at the beach. 
 
E.coli survival in Korevelerne 
The levels of E.coli present in surface water are affected by a number of factors, first 
and foremost the physicochemical factors of that secondary niche, then in lesser 
degrees by other factors, some of which we will examine here. 
 
As stated earlier in the “Environmental factors affecting microbial growth” chapter - page 
30 of this report - temperature has a major influence on the survival and growth of 
E.coli. Accordingly, the water temperature at the time of sampling (between 5 and 11ºC) 
must have contributed towards the overall sinking of E.coli levels. as mentioned in the 
theory, the minimum temperature for sustainable growth of E.coli is 7.5 ºC, meaning that 
the temperature at time of sampling lied at the lower limit for E.coli survival. This 
explains the very low numbers found in our results, as bacteria die-off rates are 
inversely related to water temperature (Rhodes & Kator - 1988) . The difference in E.coli 
levels between the different stations though cannot be explained by temperature 
differences, as all of them lie towards the lower limit for E.coli temperature range. other 
factors then are the reason behind these differences. 
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Diagram 3  
The distribution of CFU against the water temperature from inlet to beach  
Diagram 3 shows the overall levels of culturable bacteria in relation to the temperature. 
The only remarkable observation would be the higher levels at inlet 4 with temperature 
of 7.5 ºC, which is not much different than the other stations. There could be a localised 
source / set of conditions supporting the production, growth or survival of 
microorganisms in that spot. One could speculate at the levels of nutrients at inlet 4.  
The detected microorganisms, however, could be indigenous or any other types of 
bacteria, accordingly, determining the factors behind their high numbers at that spot 
would require further investigation, if relevant. 
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Diagram 4  
The distribution of E.coli against the water temperature from inlet to beach  
 
Examining diagram 4, we can see that all the E.coli levels are more or less consistent 
with the very low water temperature. We notice also a higher rate of survival for E.coli at 
inlets 3 with a level of 0.5 / 100 ml and temperature of 8ºC, and inlet 1 with a level of 
0.42/100 ml and temperature of 10ºC. These survival rates could be explained by the 
very low salinity at these two stations (0 at inlet 3 and 2 at inlet 1). We should be seeing 
similar rates of E.coli survival at inlet 2, which enjoys similar low salinity concentration of 
1 and a slightly higher temperature of 11 ºC, yet the number of E.coli at that station are 
comparatively much lower than the previously examined ones. 
 
Diagrams 1 and 2 showcase the effects of the second physicochemical factor, namely 
ionic strength / water availability - on the survival rates of E.coli in an aquatic 
environment. E.coli is a halotolerant, meaning it doesn’t tolerate low water activity / high 
ionic strength, the lowest value of the former at which survival is sustainable being 0.95. 
The salinity levels measured (0-19 ppt) are all within the range E.coli can survive, but 
the higher it gets, the less levels of E.coli are detectable, either because of dying off or 
due to their becoming dormant.  
 
The measured values of pH all lie within the optimal range for E.coli (6-8), which means 
this is not one of the factors affecting the sinking and sources of the detected E.coli 
levels. No measurements of Oxygen were taken, due to E.coli being facultative 
anaerobe, thus Oxygen availability does not enhance the metabolic activities of E.coli, 
but we expected all water samples to contain measurable oxygen as they were taken 
from the open water in all cases.  
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However, we could speculate regarding the concentration gradient of culturable bacteria 
and possible correlation to Oxygen availability, areas of sinking and sources shown on 
Diagram 3 could be related to the Oxygen gradient in the estuarine water, which is 
negatively proportional to the concentration of aerobic microorganisms and the nutrients 
they metabolise. So, inlet 4 for example could be a nutrient rich spot with a high BOD, 
which will not affect the Oxygen content very much at such low temperatures, but will 
definitely do so more in the warmer seasons. 
 
 E.coli concentrations are higher in turbid water as they live in soil and attach to 
sediments, they could also stay dormant in the streambed for a longer periods of time, 
and in case that streambed is stirred after by strong wind or heavy rainfall, the reading 
of E.coli numbers would be higher. 
 
Other possible factors affecting the survival of E.coli in marine waters could be 
predation by indigenous microorganism. If the indigenous microorganisms have already 
established a powerful niche in the habitat, they may overtake any intruders. The new 
smaller populations of E.coli could simple be consumed or killed off by the already 
present microorganisms. Several studies have documented the effect of the predation 
of the indigenous bacteria and protozoa in estuarine water on the destruction of the 
E.coli population introduced by sewage run off.  
Predation, however, reduces the bacteria to a certain level but doesn’t remove it 
completely. Tt was also found that most of the removal done by protozoan predators 
was done in the first 2 days of E.coli introduction into estuarine waters. (McCambridge, 
J. and McMeekin, T.A.- 1980). 
 
Enzinger and Cooper-1976, have studied the relative effect of protozoan and bacterial 
predators on E.coli removal in estuarine water and concluded that in the absence of 
protozoa, the destruction of E.coli and coliform in general by bacterial predators was 
insignificantly low in levels. 
 
Light induced cell damage as well was suggested to contribute greatly to the decline of 
E.coli numbers in aquatic environments with greater decline being proportional to longer 
exposure (Chamberlin and Mitchell, 1978). The day of sample collection the weather 
was clear but was preceded by overcast week or so. Accordingly we believe this factor 
didn’t have a great influence on the detected E.coli numbers. 
 
Guang Jin et al, 2004 - observed rapid decrease of E.coli and other indicator bacteria in 
two to three days after storm events, they suggested the reason behind this decrease 
being dilution, dying off and the sedimentation of particles to which these organisms are 
attached. The time of the sampling was not following a veritable storm, although it was 
preceded by few days of rain. 
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All of the above factors contributing towards the sinking of E.coli numbers and 
decreasing its chances of survival, coupled with the reasons listed in the case study 
section of this report that led us to expect higher readings of faecal contamination, could 
suggest that the time of the year during which the samples were collected, with its 
different conditions and low number of summerhouse inhabitants, is the reason behind 
the low readings of E.coli we obtained from the analysis of water.  
 
Limitations 
We encountered several limitations in the process of analysing and concluding our 
findings. 
First of all, the season for summer-house-goers ends in September and we collected 
data after the initial weather change from summer to fall. There were a lot less people in 
the areas and the Blue Flags had been taken down.  
 
The time of the year with the weather only becoming colder and less suitable for the 
conditions in which culturable bacteria and especially E.coli survive and reproduce, 
made it irrelevant to repeat the measurements, therefore our results are less accurate 
than if we had another set of measurements to compare them to each other. We could 
have taken samples much closer to the summer houses, at the mouth of the inlets in 
order to better determine the level of E.coli released into the estuarine system. 
 
The tests we chose to conduct gave us an estimation of the levels of culturable bacteria 
and E.coli from different spots, but we can only speculate which sources exactly 
produce these organisms. The DNA tests that could be conducted require expensive 
machines and a certain level of knowledge. A Biochemical Oxygen Demand or a BOD 
test could have been conducted on the water being released into the ponds. This test 
could show how much oxygen was being consumed by microorganisms before and 
after it would enter into the estuary. This would give us an understanding of how many 
aerobic bacteria were entering and living in the estuary and if their oxygen consumption 
was harmful or not to the plants and animals in the estuary. Another test that measures 
the amount of microorganisms is a Chemical Oxygen Demand test, COD, which would 
have also been helpful to identify the state in which the estuary was in. Lastly an NOD 
test could be conducted to test for the levels of nitrogenous oxygen that are being 
consumed. These three tests can help identify a problem of excess organic matter in 
water sources. If there is a low level of oxygen, that means that there are high levels of 
microorganisms consuming that oxygen, and therefore there is a source of excess 
organic matter that is feeding the microorganisms in the water.  
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The measurement of E.coli instead of enterococci, which is a another useful pathogen 
indicator, was preferred, because it is easier to conduct and requires less time. We 
measured only water samples but a measurement of sediments could have shown 
higher levels of E.coli since survive more time in sediments. 
 
Guardabassi, L et al(reference number) have reported a mean reduction of 25% of 
E.coli count between the samples that were analysed within 6 hours after sampling  and 
other samples that were analysed after being stored overnight. The paper strongly 
advised against the European accepted guideline of storing water samples up to 48 
hours.  
 
 
Speculations on reasons why the measured numbers are low in the light of the 
above 
Our low levels of E.coli could be due to many influencing factors in the environment and 
septic systems. The first influence would be weather. The samples were collected in 
October when temperatures were between 10-13 ° C. E.coli thrives between the 
temperatures of 21 to 37° C. Although growth can be sustained at temperatures as low 
as 7.5° C, lower temperatures could contribute to the depletion of E.coli units. These 
levels are expected to be much lower than those during summer temperatures, up to 
30° C.  
 
The second would be the lack of activity during the month of October. The high summer 
season is between June and early September. There are a lot less people occupying 
summer houses, swimming in the beaches, and using toilets in the area. There could 
simply be less E.coli units, being released into the system during the month of October. 
 
 A third reason for low counts could be that the water flow in the inlets is low. The e.coli 
could simply be washed away, or stuck in areas along the inlets and therefore not being 
transported into the ponds and estuary. Based on satellite pictures and the Nutrients 
project from last year we determined the length and flow rate for each inlet. With these 
parameters we calculated a rough duration of time it takes bacteria to travel from the 
source to the ponds. For inlet 7, the longest inlet with one of the lowest flow rates, the 
duration of time it takes bacteria to travel is around 13 h.  Inlet 3 had the fastest flow 
rate and the shortest duration of time, 2 h. With reference to table F, which shows that 
E.coli can survive for up to 91 days in water temperatures between 4-8 degrees C, like 
those we collected in the month of October, we can conclude that the flow rates and 
temperatures did not affect the bacterial survival in the estuary. 13 hours needed for the 
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E.coli to reach the ponds is well within the survival rate of E-coli in cold waters, between 
4-8 degree C. 
 
The tides inside the estuary could be sweeping the E.coli bacteria into the sea and 
mixing it with a larger body of water. On the salinity histogram, it is shown that E.coli 
counts dwindle away as the salt content grows higher, that shows that the more 
seawater that comes into the estuary, the lower the E.coli counts are. If the samples 
were collected right after and rain or storm, the effluent in the inlets would be diluted. 
And existing sources would be quickly transported into the bay due to the rapid flow of 
water from the inlets. Lastly, existing E.coli could have been killed by the sun light, if it 
was witting in surface water or traveling through the clear shallow inlets and ponds.  
14. Conclusion 
Our hypotheses were proven after the results of the data were analyzed.There were 
higher levels of culturable bacteria and E.coli in the northern area where the summer 
houses were more compact and closer to the estuary and the levels decreased from the 
land towards the bay. Overall, the beaches were safe and clean with respect to the Blue 
Flag Requirements.More detailed tests could be conducted to find the sources of E.coli 
in the area. If we had a larger sample size, our the results would give a better 
representation of culturable bacteria and E.coli in the location during this time of year. 
Since our results yielded lower levels of bacteria, these tests could be conducted during 
warmer times of the year and compared. More thorough tests could be conducted and 
water samples could be collected close to the septic tanks because they would give a 
better picture of the state in which the septic tank are in.  
 
Most of Denmark’s residents use wastewater treatment that is government controlled 
and there is an ongoing debate about whether summerhouses should be connected to 
this system or not (http://www.statensnet.dk/). Farmers that have used septic tanks in 
the past have been forced to change to the public sewer system. Although our data did 
not indicate dangerous levels of pathogenic bacteria in the month of October, the 
infrastructure of the area is an indicator that there could be potential for contaminations 
from the summerhouses in the summers. Therefore the removal of the septic tanks, and 
the introduction of a public sewer system could be a solution to any potential 
contamination problems with sewage overflow. We believe a government regulated 
public sewer system would be beneficial to the habitat and water quality in Korevlerne.  
 
Our calculations led us to our second conclusion that the cows that graze free range 
along the waterfront, have an influence on the estuary. While the summerhouses waste 
is treated by the septic tank system, the cows waste is almost directly released into the 
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sand, grass and water, by the estuary´s edge. Therefore we believe the cows should be 
removed and relocated further from the coast line. 
15. Perspectives 
We can see several directions that future work on this problem and area could go:  
- The experiments, sampling and testing conducted in this project could be repeated 
multiple times to have a bigger sample size therefore yielding more accurate result. 
Repeating the sampling and testing process in the height of the summer season to see 
if the bacteria numbers differ.  
- Testing soils samples for bacteria and nutrients could help us understand where 
sources of pathogenic bacteria are coming from and conducting a soil profile could 
identify the type of soil in the location and the chemicals and compounds that already 
exist in the soil and are not contaminants.  
 - Analysing the strains of E.coli present in the estuary and beach water using DNA 
fingerprinting and Antibiotic resistance techniques, in order to determine their source, 
whether human, bovine or avian. 
- A more in depth research of the zoonosis of some of the waterborne pathogens, E.coli 
being the obvious candidate, and trying to find out how animals and birds can be 
reservoirs for diseases affecting humans and vice versa. 
- Residents in the Korevelerne area should switch from septic systems to a public 
sewage system. Tests that could be and are conducted during wastewater treatment in 
the public sewage system are: BOD, COD, and NOD tests. 
 
Biochemical Oxygen Demand 
BOD 
The BOD test is used for testing the effectiveness of water sources around water 
treatment plants, for example, in our case a BOD test could be used in the rivers, 
ponds, inlets and beaches surrounding the summer houses at Sejerø Bugt to test how 
well the organic matter left over from the systems was being incorporated. Unfortunately 
we were unable to obtain such testing. The BOD test involves many procedures of 
filtering, killing, feeding and treating of the compounds within the water waste. These 
tests are long and time consuming. There are also many errors that can be made and 
overlooked by a computer, so they must be made manually. 
The test also looks over recalcitrant compounds. Another BOD test is with 
bioluminescent bacteria. The last and most common, is an online BOD monitor. It is fast 
and available for most wastewater plants (Gabriel Bitton, 2010). 
 
Nitrogenous Oxygen Demand tests are performed to regulate the extra release of 
ammonium and nitrogenous oxygen. They help control the growth of bacteria after 
NOD 
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wastewater is release from water treatment plants. Autotrophic bacteria (bacteria that 
can synthesize its own food) such as nitrifying bacteria also require oxygen to oxidize 
NH₄⁺ to nitrate, resulting in high levels of BOD (Gabriel Bitton,2010). 
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BLUE FLAG BEACH CRITERIA 
AND EXPLANATORY NOTES  
2013 
 
 
INTRODUCTION 
 
The Blue Flag programme for beaches and marinas is run by the international, non-governmental, 
non-profit organisation FEE (the Foundation for Environmental Education). The Blue Flag 
programme was started in France in 1985. It has been operating in Europe since 1987 and in areas 
outside of Europe since 2001, when South Africa joined. Today, Blue Flag has become a truly 
global programme with an ever-increasing number of countries participating in the programme.  
 
The Blue Flag programme promotes sustainable development in freshwater and marine areas. It 
challenges local authorities and beach operators to achieve high standards in the four categories 
of: water quality, environmental management, environmental education and safety. Over the years, 
the Blue Flag has become a highly respected and recognised eco-label working to bring together 
the tourism and environmental sectors at local, regional and national levels.  
 
The explanatory notes given in this document make up the common and shared understanding of 
the Blue Flag beach criteria and the requirements for the implementation thereof. The explanatory 
notes provide details on the measurement and management of compliance with the Blue Flag 
beach criteria.  
 
The criteria are categorised as either imperative or guideline. Most beach criteria are imperative, 
i.e. the beach must comply with them in order to be awarded Blue Flag accreditation. If they are 
guideline criteria, it is preferable that they are complied with, but not mandatory.  
 
It must be emphasised that the Blue Flag beach criteria in this document are the minimum criteria. 
A national programme can choose to have stricter criteria to what is outlined here. 
 
These beach criteria and explanatory notes are to be used by all Blue Flag applicants in order to 
understand the requirements that must be met before a beach can receive Blue Flag accreditation. 
For guidance purposes, this document should also prove valuable for the management of those 
beaches already accredited with Blue Flag status. The beach criteria and explanatory notes also 
serve as a guide for the National, Regional and International Blue Flag Juries when making 
decisions about a Blue Flag beach candidate. 
 
During the Blue Flag season the flag must fly at the beach. The flag is both a symbol of the 
programme being run at the beach but also an indication of compliance. The flag may either be 
flown 24 hours a day during the Blue Flag season, or only during the hours when the beach meets 
all the Blue Flag criteria. In the case of the former, there must be adequate signage indicating the 
time when services (eg life-saving), and facilities (eg toilets) are in operation. 
 
If a beach that has Blue Flag accreditation does not comply with the Blue Flag criteria, the flag may 
be permanently or temporarily withdrawn from the beach. There are several degrees of 
non-compliance: 
1. A minor non-compliance is where there is a problem with only one criterion of minor 
consequence to the health and safety of the beach user or to the environment. When minor 
compliance occurs and can be immediately rectified, the flag is not withdrawn and the 
non-compliance is only registered in the control visit report. If however, a minor compliance 
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cannot be fixed immediately, the beach is given 10 days in which to comply fully with all 
criteria. The flag is withdrawn until all problems are rectified and it is noted on the Blue Flag 
homepage. 
2. Multiple non-compliances relates to non-compliance of two to three criteria but of minor 
consequence to the health and safety of the beach user or to the environment. When 
multiple non-compliances occur, the beach is given 10 days in which to comply fully with all 
criteria, the flag is withdrawn until all the problems are rectified and the homepage is 
updated accordingly. 
3. Major non-compliance is where the beach does not comply with one or several criteria, the 
result of which can have consequence to the health and safety of the beach user or to the 
environment, as well as the general perception of the beach and therefore the Programme. 
When met with major non-compliance, the flag is withdrawn immediately and for the rest of 
the season. The site is registered as 'withdrawn' on the Blue Flag homepage, and the beach 
information board should clearly indicate that Blue Flag status has been withdrawn. 
 
In all cases of non-compliance, the National Operator must immediately inform the local 
authority/beach operator about the observed areas of non-compliance. Information about the 
reason for a withdrawal of the flag must be posted clearly at the beach. The local authority/beach 
operator must inform the National Operator of re-compliance with the criteria and present the 
appropriate documentation needed. The flag can then be raised at the beach again. The National 
Operator should also consider a follow-up control visit to check that the beach does comply. In the 
event that the local authority/beach operator does not ensure and document re-compliance with the 
criteria within 10 days, the National Operator must ensure that the Blue Flag is withdrawn for the 
rest of the season at the beach.  
 
In the event that conditions on the beach change and the flag has to be temporarily withdrawn, e.g. 
when climatic events cause damage to the beach or an emergency arises, the beach management 
must inform the National Operator that the flag has been temporarily withdrawn and the 
international website must be changed accordingly.    
 
Apart from updating the Blue Flag homepage of the status of the beach, the National Operator must 
inform the International Coordination about the non-compliance. If the non-compliance is noted at 
by an international controller, the National  Operator has to give feedback to the International 
Coordination within 30 days. 
 
The applicant for Blue Flag accreditation is the authority charged with responsibility for the beach. 
This may be a local municipality, private hotel, national park, or private beach operator.  A beach 
may be eligible for Blue Flag accreditation if it is a designated bathing area and it has the necessary 
facilities and services to comply with the Blue Flag criteria. 
 
A beach must be accessible in order to be eligible for Blue Flag accreditation. It is preferable that 
beach users be granted free access to a Blue Flag beach, i.e. to use the beach and its facilities 
without paying a fee. Blue Flag, however, recognises that at some beaches, e.g. private beaches, 
members of the public are charged a small, reasonable fee to access the beach. Other payments 
may be levied for services in the area, e.g. for parking or hiring of equipment.   
 
FEE, and the National Operator in a country, reserves the right to refuse or withdraw Blue Flag 
accreditation from any beach where the local authority/beach operator is responsible for violations 
of national environmental regulations or otherwise acts in discord with the objectives and spirit of 
the Blue Flag programme. Blue Flag beaches are subject to announced and/or unannounced 
control visits by FEE International. 
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In the event of a first-time applicant, the applicant local authority/beach operator must provide 
evidence in the application that the beach complied with the imperative water quality criterion for 
Blue Flag in the season (or year) prior to application for full status. Applications will only be 
considered from beaches where a minimum of 20 samples have been taken in the previous 
season(s).  
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ENVIRONMENTAL EDUCATION AND INFORMATION 
 
Each beach must have at least one Blue Flag information board in place containing all the 
information as required by the criteria listed below. For long beaches it is recommended to install 
more than one Blue Flag information board (approximately one every 500 metres). All Blue Flag 
information boards must follow national standards with respect to information, content and design. 
These Blue Flag information boards must be in place at all Blue Flag beaches.  
 
 
Criterion 1. Information about the Blue Flag programme and other FEE eco-label must be 
displayed. 
 
Information about the Blue Flag programme must be displayed on the Blue Flag information board. 
The correct Blue Flag logo must be used, in accordance with the FEE branding guidelines. The 
essence of each of the four categories of the Blue Flag criteria must be explained in this 
information. The length of the Blue Flag season must also be included.  
 
The information could furthermore be posted at other locations, e.g. at major access points, 
lifeguard stations, other beach facilities, or in parking areas. Tourist information offices should also 
have information about the Blue Flag programme.  
 
Contact details for the local, national and international Blue Flag representatives should be posted 
as well. 
 
In areas of international tourism, it is recommended that the information be provided in relevant 
languages.  
 
In the event that the flag is temporarily withdrawn, information must be posted at the beach 
informing the public as to the reasons why the flag was withdrawn. 
 
Blue Flag beaches and marinas should promote the Green Key programme as another eco-label 
FEE programme with a message such as: “Along with the Blue Flag, the Foundation for 
Environmental Education also develops another eco-label for accommodations: Green Key. Find 
more information at: www.green-key.org” 
 
Appendix B provides an example of how the Blue Flag information can be presented.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 2. Environmental education activities must be offered and promoted to beach 
users.  
 
Environmental education activities promote the aims of the Blue Flag programme by: 
- increasing the awareness of, and care for, the local environment by recreational users and 
residents. 
- training personnel and tourist service providers in environmental matters and best practice 
methods. 
- encouraging the participation of local stakeholders in environmental management within 
the area. 
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- promoting sustainable recreation and tourism in the area. 
- promoting the sharing of ideas and efforts between the Blue Flag programme and other 
FEE programmes (YRE, LEAF, Eco-Schools and Green Key). 
 
The planned environmental education activities for the coming season must be included in the 
application documents, as well as a report on activities carried out during the previous Blue Flag 
season (if applicable). 
There must be at least five different activities offered in the municipality or community - preferably 
during the Blue Flag season. The activities should focus on the environment, environmental issues, 
Blue Flag issues or sustainability issues. At least some of the activities should be carried out at the 
beach and have a direct focus on the beach environment.  
 
The education activities should be effective and relevant, and each year, the local authority should 
re-evaluate the activities that were implemented and work towards constantly improving them.  
 
Where the planned environmental education activities are of interest to, and involve, the general 
public or beach users these activities must be promoted in good time to inform the public about 
these opportunities.  Such activities could also be promoted on the Blue Flag information board, in 
other areas in the beach area, in local centres, in newspapers and other media.  
 
The environmental education activities must be clearly disseminated to the public. Preferably, the 
activities should be posted on the common information board. However, dissemination could be an 
updatable list posted at the kiosk or clubhouse, an SMS service or other means of communication. 
Whatever the platform for dissemination is, it has to be stated on the information board where to 
find out more about the activities. 
 
Local authorities/beach operators are encouraged to implement and/or support sustainable 
development projects in which public participation is a key element, e.g. Local Agenda 21 
initiatives. 
 
If specific sensitive natural areas (including Marine Protected Areas) exist near a Blue Flag beach 
(e.g. mangroves or sea grass beds), it is strongly recommended that some of the education 
activities address these sensitive natural areas. 
 
Examples of good educational activities can be downloaded from the internal pages of the Blue 
Flag international website (www.blueflag.org). 
 
Appendix C provides further background on the environmental education activities. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
Criterion 3. Information about bathing water quality must be displayed. 
 
Bathing water quality information must be displayed on the Blue Flag information board. It is 
recommended that a table or figure with easily identifiable symbols that correspond to the results 
be used. The information should also clearly explain how the water quality results relate to the 
imperative criteria for water quality, with specific reference to sampling frequency and the 
conditions under which Blue Flag status can be withdrawn.  
 
The authority in charge of providing the bathing water quality results must do so shortly after the 
analysis so that the data can be updated regularly. It is the responsibility of the local authority to 
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ensure that the beach operator/beach management posts the information no later than one month 
after the sampling date. The complete and detailed data must be made available by the local 
authority to anybody upon request.  
Appendix D provides an example of how this information could be presented.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
Criterion 4. Information relating to local eco-systems and environmental phenomena must 
be displayed. 
 
The aim of this criterion is to ensure that beach users are well informed and educated about 
relevant environmental phenomena (including valuable cultural sites/communities), local 
ecosystems and any sensitive areas in the surrounding environment so that they are encouraged 
to learn about and experience the environment in a responsible way. 
 
Where appropriate, information about coastal zone ecosystems, wetland areas, unique habitats or 
any sensitive natural areas must be displayed at or close to the Blue Flag beach. The information 
should include details about the natural area and a code of conduct for visitors to the area. If the full 
information is not available on the Blue Flag information board, there should at least be a short 
notice on the board informing the public about the nearby sensitive area and where they can find 
further information. 
 
Relevant environmental information could furthermore be displayed at tourist sites, at the natural 
areas, or in tourist information offices. The information can be published in tourist brochures, local 
newspapers or pamphlets created specifically for this purpose. In areas that are visited by a high 
number of tourists, it is recommended that the information be presented in more than one way, as 
listed above, and it should be presented in relevant languages. 
 
In the case of sensitive underwater environments, specific information about these areas must be 
provided for divers and snorkelers.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
Criterion 5.  A map of the beach indicating different facilities must be displayed.  
 
A map showing the boundaries of the Blue Flag beach area and the location of key facilities and 
services must be posted on the Blue Flag information board. The map should be of good quality, 
easy to read and properly orientated. 
 
Pictograms should preferably be used.  
 
The required map elements (where applicable) should show the location of: 
 
- “You are here” pointers 
- lifeguards or lifesaving equipment 
- the area patrolled (for beaches with 
lifeguards) 
- first aid equipment 
- telephones 
- toilets (including toilets for disabled 
people) 
- drinking water 
- car and bicycle parking areas 
- authorised camping sites at/near the 
beach 
- recycling facilities 
- location of water sampling point(s) 
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- access points and access for disabled 
persons 
- zoning (swimming, surfing, sailing, 
boating, etc.) where applicable 
- nearby public transport 
- footpaths 
- demarcation of Blue Flag area 
- location of other information boards 
- rivers and inflows 
- local landmarks (where applicable) 
- storm water outlets 
- nearby natural sensitive areas, 
etc. 
- direction (North) 
- scale bar 
 
For guidelines on the design and suitability of maps of Blue Flag beaches, visit www.blueflag.org.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 6. A code of conduct that reflects appropriate laws governing the use of the beach 
and surrounding areas must be displayed.  
 
The code of conduct should address the activities of beach users and their conduct on the beach. 
The beach code of conduct must be displayed on the Blue Flag information board. The information 
could furthermore be posted at other locations, e.g. at all major entrance points, near to the issue 
concerned (i.e. a No Diving sign on a pier) or as information at the relevant sites. Internationally 
recognised symbols, e.g. pictograms should be used wherever possible. 
 
The code of conduct should include rules about the presence of domestic animals, zoning, litter 
management, the use of vehicles, camping, fires, etc. 
 
Laws governing beach usage and management should be available to the public at the office of the 
local authority/beach operator. 
 
The period when the lifesaving equipment and/or lifeguards, and first aid are available must be 
clearly marked on the Blue Flag information boards and at the lifeguard station. An explanation of 
the emergency flag system in use must also be provided. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
 
 
WATER QUALITY 
 
The Blue Flag programme requires that beaches achieve excellent bathing water quality.  The 
bathing water quality standards have been based on the most appropriate international and 
national standards and legislation. 
 
Blue Flag is an international eco-label and it therefore has one minimum global standard for water 
quality. The standards described here for bathing water quality for beaches must be adopted 
unless stricter national standards are already in existence, e.g. testing for total coliform bacteria. In 
that case, the beach must comply with the more demanding national standards for bathing water 
quality. 
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Criterion 7.   The beach must fully comply with the water quality sampling and frequency 
requirements.   
 
A Blue Flag beach must have at least one sampling site and this must be located where the 
concentration of bathers is highest. In addition, where there are potential sources of pollution, e.g. 
near streams, rivers or other inlets, storm water outlets, etc. additional samples must be taken at 
these sites to provide evidence that such inflows do not affect bathing water quality.  
 
Samples for microbiological and physical–chemical parameters must be taken. 
 
Similarly, in the case of inland waters where the water is supplemented by outside sources during 
dry periods, the water quality of the outside source must meet the Blue Flag bathing water quality 
standards.  
 
Samples should be taken 30 cm below the water surface except for the mineral oil samples that 
should be taken at surface level. 
 
How often a sample must be taken? 
There must be no more than 30 days between samples during the Blue Flag season. The Blue Flag 
programme does not accept applications from beaches, irrespective of the length of the Blue Flag 
season, where less than five samples have been taken. I.e. a minimum of five samples must be 
taken evenly spread out during the season. The first sample must be taken within 30 days before 
the official starting date of the Blue Flag season. 
 
When sample results raise concern of a possible increase in levels of pollution, it is recommended 
to temporarily increase the sampling frequency in order to track any possible pollution incident. 
 
In the event of short-term pollution, one additional sample is to be taken to confirm that the incident 
has ended. This sample is not part of the set of bathing water quality data. If necessary to replace a 
discarded sample, an additional sample is to be taken seven days after the end of the short-term 
pollution. Discounting of samples because of short-term pollution during the last assessment 
period is allowed for maximum 15% of the total number of samples provided for in the monitoring 
calendar established for that period, or one sample per bathing season, whichever is the greater.  
When calculating 15% of the total number of samples provided for that period, the result must be 
rounded up or down. 
The rule is: 
Anything lower or equal to ,49 should be rounded down (for example: a result of 2,49 gives a 
possibility of discounting 2 samples). 
Anything higher or equal to ,50 should be rounded up (for example: a result of 2,50 gives a 
possibility of discounting 3 samples). 
 
Both the original and the re-samples have to be sent as a dispensation case to the International 
Jury for the evaluation (see Appendix A on dispensation cases).  
 
In case of an oil spill, abnormal weather or other extreme factors which can have a serious adverse 
effect on the quality of the bathing water, the beach manager must temporarily take down the flag 
and clearly state the reason on the information board. It is recommended that the wording of this 
information is along the lines: "This beach has recently experienced abnormal weather. Swimming 
is not recommended at this time due to the possibility of pollution." 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
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Criterion 8.   The beach must fully comply with the standards and requirements for water 
quality analysis.  
 
An independent person, officially authorised and trained for the task, must collect the samples.  
 
An independent laboratory must carry out the analysis of the bathing water samples. The 
laboratory must be nationally or internationally accredited to carry out microbiological and 
physical-chemical analyses.  
 
In the event that the sampler or the laboratory is not independent, at the time of application a 
dispensation must be requested and details provided as to why this is required, e.g. in some cases 
beaches are substantial distances away from the services necessary to meet this requirement.    
 
Methods of analysis: 
In the interest of increased quality and comparability of the bathing water quality data used for the 
evaluation of candidates for the Blue Flag, FEE finds that methods of analysis that ensure a certain 
trueness, reproducibility, repeatability and comparability between methods should be used. FEE 
follows European (CEN) or International (ISO) standards in its recommendations regarding 
parameters and acceptable methods of analysis.  
 
Water quality results must be given to the National Operator as soon as they are made available 
but not later than one month after the sample has been taken.  
 
A sampling calendar must be established prior to the start of the bathing season. Sampling must 
take place no later than four days after the date specified in the sampling calendar unless there are 
exceptional circumstances preventing this. In such a case, the National Jury must submit the beach 
as a dispensation case to the International Jury (see Appendix A for more information on 
dispensation cases). 
 
Sampling history: 
The water quality results for the previous four seasons must accompany all applications. In order to 
be eligible for the Blue Flag, the beach must show - through these reports - that the bathing water 
quality standards were met in the previous seasons.  
 
For new countries or new beaches, results from a minimum of 20 samples taken within the 
proposed Blue Flag season must be available for Blue Flag accreditation to be considered. The 
sampling history may be taken in one Blue Flag season in order to be able to apply the following 
year. The applicant beach may also choose to take fewer samples and wait to apply when 20 
samples have been collected (for example taking 10 samples in year 1, 10 more in year 2 and 
applying in year 3). Remember that a minimum of 5 samples has to be taken per Blue Flag season.  
 
The water quality information of the current season must be posted on the Blue Flag information 
board, in accordance with Criterion 3. See Appendix D for a recommendation for presenting water 
quality information on Blue Flag beaches.   
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
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Criterion 9. No industrial, waste-water or sewage-related discharges should affect the 
beach area. 
 
A bathing water profile must be compiled for every Blue Flag beach. A bathing water profile 
includes identification of potential sources of pollution, a description of the physical, geographical 
and hydrological characteristics of the bathing water, as well as assessment of the potential for 
cyanobacteria and algae formation.  
It is recommended that there should not be any discharge of industrial, urban wastewater or 
sewage-related discharges into the Blue Flag area or immediate buffer zone/surrounding area. In 
the event that there are discharge points in the area of the beach, these must be documented at the 
time of application. 
 
Where identified, combined sewage overflow discharges or other urban/industrial waste water 
discharges are within, or immediately adjacent to, the proposed award area, information to warn 
the public that there is an intermittent discharge which could, in the short term, impact the bathing 
water quality must be provided. 
 
The collection, treatment and discharge of urban wastewater in the community must meet national/ 
international standards and comply with national/international legislation. For the countries in EU, 
there are requirements for the treatment and effluent quality given in the EU Urban Waste Water 
Treatment Directive (91/271/EEC). A number of new EU countries have been granted dispensation 
from the EU Directive. Regardless of national/ international standards and legislation, this 
waste-water or any discharges must not negatively affect the environment or compromise the water 
quality standards of a Blue Flag beach.  
 
Regarding industrial pollution, notification must be given about industrial facilities and plants in the 
vicinity of the beaches stating their likely influence on the environment. Moreover, the appropriate 
authorities must confirm in writing that the area is being monitored to ascertain the environmental 
impacts of nearby industrial facilities and confirm that the facilities do not pose a public health risk 
or environmental hazard. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 10.   The beach must comply with the Blue Flag requirements for the 
microbiological parameter Escherichia coli (faecal coli bacteria) and intestinal enterococci 
(streptococci) 
 
The microbiological parameters to be monitored are given below: 
 
Parameter Coastal and transitional waters 
Limit values 
Inland waters Limit values 
Escherichia coli 
(Faecal 
Colibacteria ) 
250 cfu/100 ml 
 
500 cfu/100 ml 
Intestinal 
Enterococci 
(streptococci) 
100 cfu/100 ml 200 cfu/100 ml 
 
· cfu = colony forming units (of bacteria) 
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Accepted percentile: 
For the evaluation of an applicant beach the Blue Flag programme requires 95th percentile 
compliance of the above limit values. This is in accordance with the EU Bathing Water Directive 
2006 as well as the recommendation of the World Health Organisation. The percentile has to be 
calculated for each parameter and also met for each parameter. For example, if the 95th percentile 
is below the limit values for Escherichia coli but not for Intestinal Enterococci then the beach cannot 
be awarded with the Blue Flag.  
Details on how to calculate the 95th percentile can be found in Appendix F. A calculation 
spreadsheet, however, is available on the internal pages of the Blue Flag homepage. All bathing 
water sample results should be entered into the spreadsheet and the percentiles will be calculated 
automatically. This sheet should be sent to the International Coordination with the application. 
 
For EU countries implementing the Blue Flag it is imperative that an applicant beach is classified as 
being 'Excellent'.  
 
As stated previously, discounting of a sample may be considered in case of extreme (weather) 
conditions. Should this be necessary, applicant beaches must be sent in as dispensation cases. 
See Appendix A for further details on dispensation cases. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 11.   The beach must comply with the Blue Flag requirements for the following 
physical and chemical parameters.  
 
Water quality can also be affected by physical and chemical parameters such as the pH value, oil 
and floatables: 
· The pH value range is normally 6 to 9. 
· There must be no oil film visible on the surface of the water and no odour detected. On land 
the beach must be monitored for oil and emergency plans should include the required 
action to take in case of such pollution. 
· There has to be an absence of floatables such as tarry residues, wood, plastic articles, 
bottles, containers, glass or any other substance. 
 
Immediate action should be taken if abnormal changes are detected. This includes abnormal 
changes in the colour, transparency and turbidity of the water. Should physical and chemical 
pollution be detected repeatedly,  the Blue Flag must be taken down for the remainder of the 
season and the beach will not be eligible for the Blue Flag the following year, unless the applicant 
fulfils the conditions for applying as a dispensation case. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
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ENVIRONMENTAL MANAGEMENT 
 
 
Criterion 12. The local authority/beach operator should establish a beach management 
committee. 
 
The beach management committee should be charged with ensuring compliance with all 
environmental management criteria, including Marine Protected Areas requirements if appropriate. 
The committee should consist of all relevant stakeholders at the local level. Relevant stakeholders 
could be a local authority representative, hotel manager, beach manager, lifeguard, educational 
representative, local NGO, and other stakeholders such as community representatives, special 
user groups, Marine Protected Area representative, etc. 
 
The beach management committee should co-operate with and support the local authority/beach 
operator and could institute environmental management systems and conduct environmental 
audits of the beach and its facilities.  
 
Where appropriate, a beach management committee may operate over a number of Blue Flag 
beaches within a local authority or an area/region, i.e. there is no need for a separate beach 
management committee for each individual Blue Flag beach.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
 All regions 
 
 
Criterion 13. The local authority/beach operator must comply with all regulations affecting 
the location and operation of the beach. 
 
Regulations pertaining to issues relating to coastal zone planning, environmental management, 
waste-water legislation, environmental legislation, and others must be met for the beach to receive 
and maintain Blue Flag status. The applicant must assure that the facilities and activities under its 
responsibility comply with these guidelines and/or regulations. The management of the beach 
location, facilities, beach operation and immediate surrounding area must comply with official 
development plans and planning regulations. The legislation may include regulations for land-use 
planning, sewage/industrial waste effluent discharge, environmental health regulations, 
conservation plans, operations licenses and permits, etc. 
 
The location of facilities and use of the beach area and its vicinity must be subject to planning 
guidelines. 
This includes environmental impact assessments. At the time of application for Blue Flag status, 
the applicant authority must provide written evidence from the planning department that all 
buildings on the beach meet local building regulations.  
 
Existing beach facilities, construction and other use of the beach and its vicinity must be in 
compliance with laws regulating the use of the coastal zone or freshwater areas, including 
environmental conservation regulations. The back beach area including dunes, paths, and parking 
areas must be properly maintained according to coastal zone management principles. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
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Criterion 14. Sensitive area management. 
 
Some sites at/near the Blue Flag beach may be very sensitive and require special management. In 
these cases, the beach operator is strongly encouraged to consult an appropriate conservation 
organisation or expert for advice on how to manage these sites. Where areas require special 
management, at the time of application, the applicant must provide confirmation that this 
consultation has taken place and that a management plan will be implemented. 
 
However, the sensitivity of certain areas may prevent them from being part of a Blue Flag beach or 
from having information posted at the beach directing people to the area. An increased number of 
visitors could endanger wildlife and/or habitats, e.g. using land space for the construction of 
facilities, parking, paths, etc. As a general rule, Blue Flag accreditation is only given to sites that 
can demonstrate management of visitors and recreational use that prevents long-term irreversible 
damage to the local natural environment. 
 
If a Blue Flag beach is in or near a Marine Protected Area, it is necessary to consult with the MPA 
management in order to ensure compatible ecosystem conservation and biodiversity goals. 
  
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 15. The beach must be clean. 
 
The beach and surrounding areas including paths, parking areas and access paths to the beach 
must be clean and maintained at all times. Litter should not be allowed to accumulate causing these 
areas to become unsightly or hazardous. 
 
The beach must comply with national guidelines or legislation concerning litter and waste 
management. Beach cleaning may be mechanical or manual, depending on the size, appearance, 
and sensitivity of the beach and its surroundings. In high use areas, where possible, occasional 
mechanical sieving and deep cleaning of the sand should be done to remove small particles such 
as cigarette butts, etc. 
 
During storm water flows, the outlets and surrounding areas must be kept clean. 
 
When cleaning the beach, this must be done with consideration for local flora and fauna, e.g. where 
turtles may have buried eggs in the sand. The use of insecticides or chemicals for cleaning the 
sand or surrounding environment is not allowed. The cleaning of Marine Protected Areas as well as 
sensitive areas (sand dunes, etc.), must be done in accordance with the laws and advice from the 
relevant authority. 
 
For information about the management of algal waste and seaweed, refer to criterion 15. 
 
To determine the cleanliness level of the beach, it is recommended that a Beach Litter Measuring 
system, or similar system, be used. (See Appendix G for further details). 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 16. Algae vegetation or natural debris should be left on the beach.  
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Algal vegetation is generally accepted as referring to seaweed. Seaweed and other 
vegetation/natural debris are natural components of both freshwater and marine ecosystems. 
These ecosystems must be considered as living and natural environments and not only as a 
recreational asset to be kept tidy. Thus, the management of seaweed or other vegetation/natural 
detritus on the shore should be sensitive to both visitor needs and biodiversity. Natural disposal by 
tides and waves at the beach is accepted, as long as it does not present a nuisance.  
 
Vegetation should not be allowed to accumulate to the point where it becomes a hazard. Only if it is 
absolutely necessary should vegetation be removed, and then consideration should be given to 
disposing of it in an environmentally-friendly way, e.g. through composting or for fertilizer use. 
Wherever possible, environmental specialists should be consulted regarding the management of 
algal vegetation on the beach.  
 
In some areas seaweed is dried on the beach for later use as fertilizer or dune stabiliser. While this 
good practice should not be discouraged it is also necessary to ensure that it does not create a 
nuisance for beach users. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
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Criterion 17. Waste disposal bins/containers must be available at the beach in adequate 
numbers and they must be regularly maintained. 
 
Waste disposal bins or litter-bins (preferably with covers) should be of a suitable design and 
appearance as well as functionality. It is recommended that bins made of environmentally friendly 
products are used, e.g. bins made of recycled composite plastics or wood. 
 
There should be an adequate number of bins on the beach and they should all be regularly 
maintained, well secured, and spaced appropriately. Individual bin capacity, the number of users 
on the beach and how frequently the bins are emptied determine the number and minimum space 
between bins placed on the beach. During the peak tourist season, the spacing between bins and 
the frequency at which they are emptied should be increased as necessary.  
 
In summary, when choosing and locating bins, the following factors should be considered: 
-  Bin capacity 
-  Environmentally friendly products 
-  Type and source of litter 
-  Volume of pedestrian traffic 
-  Servicing methods and intervals (including peak times) 
- Local environment, e.g. winds, high tides, scavenging seagulls 
- Accessibility, e.g. height, surface 
 
The collected waste should only be disposed of in licensed facilities that are approved by 
authorities on the basis of environmental requirements. The duty of the community receiving the 
Blue Flag is to make sure that the waste is properly disposed.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 18. Facilities for the separation of recyclable waste materials should be available 
at the beach. 
 
In the event that the community has a local recycling facility then containers must be made 
available at the beach for these materials, e.g. glass, cans, plastic, paper, etc. The receptacles 
should be properly designed and managed for the type of waste received, should be emptied 
regularly, and be well placed for accessibility. 
 
The recycling facilities should accommodate the collection and separation of as many different 
types of materials as possible. 
 
On application, the local authority/beach operator must indicate whether the local authority has 
facilities for the recycling of waste. In the event that no such facilities exist, the applicant must apply 
for a dispensation from this criterion.  
 
Blue Flag encourages all local authorities/beach operators to promote recycling and waste 
separation at the beach, even if the community does not have a local recycling facility.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
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Criterion 19. An adequate number of toilet or restroom facilities must be provided.   
 
The number of toilets/restrooms available at the beach must reflect the average number of beach 
visitors during the peak season, the length of the beach and the number and location of major 
access points. 
 
The toilet or restroom facilities must be easy to locate through signage and through information on 
the map on the Blue Flag information board.  
 
The presence of showers (on the beach or in the buildings), changing rooms and nappy changing 
facilities are furthermore encouraged. Restrooms/toilets may also be located in nearby shops, 
restaurants, cafeterias or other establishments open to the general public. There should also be 
facilities provided for disabled visitors (see criterion 32).  
 
Toilet or restrooms facilities must be equipped with washbasins, soap and clean towels (paper or 
cloth) or a hand-dryer. 
 
Access to the toilet/restroom facilities must be safe. 
 
Consideration should also be given to the design and maintenance of these facilities. They should 
be  
well-integrated within the built and natural environment and they must be regularly maintained so 
as to present a well-maintained appearance and to prevent vandalism of buildings. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
Criterion 20. The toilet or restroom facilities must be kept clean.  
 
The toilet/restroom facilities must be kept clean at all times. The frequency of checking and 
cleaning the facilities must reflect the intensity of use. Beaches with a high number of daily visitors 
must have their facilities checked and cleaned every day or several times a day. 
 
The use of environmentally friendly cleaning materials, soap and towels is recommended. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
Criterion 21. The toilet or restroom facilities must have controlled sewage disposal.  
 
Sewage or effluent from the toilets must not enter the ground or the water untreated. In villages, 
communities, or in a municipality with sewage treatment facilities, the toilet facilities must be 
connected to the municipal sewer.  
 
For facilities located outside of areas serviced by the municipal sewage system and/or remotely 
located beaches, individual treatment and regularly emptied holding tanks that prevent untreated 
sewage, effluent or seepage from entering the ground or the water - and which do not adversely 
affect the environment - are acceptable. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
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Criterion 22. On the beach there will be no unauthorised camping or driving and no 
dumping. 
 
Unauthorised camping, driving and dumping must be prohibited on the beach. There must be 
information about these restrictions displayed at the beach (as part of the code of conduct, Criterion 
6). 
 
Vehicles (except for those used for the purpose of cleaning and safety, e.g. for moving lifeguard 
equipment, or emergency vehicles) should not be allowed on Blue Flag beaches. For cases, 
however, where vehicles cannot be entirely prohibited, it must be adequately justified and they 
must be properly managed. Areas for driving and parking as well as car-free zones must be 
designated and whenever the situation requires it, police or traffic guards must control the beach. If 
vehicles are allowed they should be prohibited from entering the high water zone at any time. The 
majority of the beach should be designated entirely vehicle-free.  
 
Where there are no physical barriers preventing access to the beach by vehicles and where there 
are problems with unauthorised vehicles, camping or dumping, bylaws should be put in place to 
prohibit these activities. Information about these by-laws should be displayed. The use of the beach 
or its nearby areas as dumps for litter and other waste is not accepted.  
 
In the case of special events that involve the use of vehicles on the beach a special management 
plan must be drawn up and applied to prevent damage to the ecosystem, as well as risks to beach 
users. See Appendix H for guidelines on events on Blue Flag beaches.  
 
Parking for emergency vehicles must be provided in close proximity to the beach. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 23. Access to the beach by dogs and other domestic animals must be strictly 
controlled.  
 
On Blue Flag beaches, dogs and pets are permitted in the parking areas, on walkways and 
promenades in the back beach area only - if permitted by the beach authorities as well as local and 
national legislation.  Animals in these areas must be controlled. It is recommended that a Dog-Free 
Zone be created to prevent dogs and other animals from entering the main beach and swimming 
area - this excludes guides dogs for the visually impaired.  
 
If the beach is patrolled by mounted police measures must be taken to ensure that no faecal matter 
contaminates the beach. 
 
Wherever possible stray animals should be managed and systems should be in place to remove 
stray animals from the beach. Measures should also be put in place to prevent access to the beach 
by stray animals. In the event that stray animals are able to access the beach and cannot be 
controlled, it is recommended that the beach operator/local authority erect signs informing the 
public as to this fact. It is also recommended that information be displayed informing the public what 
to do should stray animals be seen on the beach.    
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 18 
Criterion 24. All buildings and beach equipment must be properly maintained 
 
Consideration should be given to the appearance of buildings and structures at the beach. They 
should be well integrated within the natural and built environment, should adhere to design 
standards and meet environmental and aesthetic requirements. 
Equipment on the beach includes facilities or services not discussed in any other criteria, e.g. 
playgrounds and piers. Equipment must be regularly maintained and checked in order to ensure 
that it is safe to use. Consideration should be given to:  the cleanliness of equipment, its condition, 
the environmental effects of paint and other materials used for maintaining the equipment/buildings 
and any potential risk associated with its deterioration and malfunction. Wherever possible, 
environmentally friendly products should be used.  
 
To prevent access by the public, all construction work or hazardous structures must be fenced off. 
In the event that construction takes place during the Blue Flag season, all Blue Flag criteria must be 
met during the period of the construction. Also, the construction activities should not impact on 
beach users.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 25. Marine and freshwater sensitive habitats (such as Coral reefs or sea grass 
beds) in the vicinity of the beach must be monitored. 
 
If there is a sensitive habitat (such as coral reef or sea grass beds) located within 500 metres from 
any part of a Blue Flag beach, a monitoring programme must be established to monitor the health 
of the habitat (coral reef or sea grass beds) at least once a season. 
 
An expert organisation or relevant authority must be consulted regarding the monitoring and 
management of this sensitive area. 
 
The “Reef Check” Coral Reef Monitoring Programme could be used. See Appendix H for further 
details of the Reef Check monitoring system. 
 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions where applicable.   
 
 
Criterion 26. A sustainable means of transportation should be promoted in the beach area.  
 
This criterion refers to all actions that 
-  encourage public and collective transport. 
-  encourage bicycling, bike renting and facilities for bike parking. 
- support plans to organise traffic and reduce the peak traffic periods. 
- develop pedestrian access. 
 
The Blue Flag programme encourages the promotion of alternative means of transportation, e.g. 
beach shuttles, bicycle rental or free bicycles. Such initiatives should be given particular attention in 
communities with high traffic densities in the beach area or where the beach is located in a 
sensitive area. 
It is recommended that the local authority/beach operator implements a traffic management plan to 
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reduce traffic volumes and the impact of traffic on land use and air pollution in the Blue Flag and 
surrounding areas.  
It is also recommended that information about the availability of sustainable transportation be made 
available on the Blue Flag information board.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
 All regions 
 
SAFETY AND SERVICES 
 
Criterion 27. An adequate number of lifeguards and/or lifesaving equipment must be 
available at the beach. 
 
It is recommended that the local authority undertake an official risk assessment of the beach 
(carried out by the appropriate national authority or body of expertise), and that an appropriate 
response strategy to the assessment be put in place. FEE is currently working with the International 
Lifesaving Federation (ILS) to put in place an appropriate system for Blue Flag beaches. It is 
planned that all Blue Flag beaches will require a risk assessment . 
 
The provision of lifesaving personnel/equipment at a beach should be seen as only one element of 
an overall strategy that includes information and education. 
 
The presence of lifeguards at a Blue Flag beach is recommended in order to increase the safety 
level at the beach, especially where there are a high number of beach visitors. There must be an 
adequate number of lifeguards (a minimum of two) placed at appropriate intervals (not more than 
200m recommended) according to the beach characteristics and use. The number of lifeguards 
must increase according to peak usage. 
 
Lifeguards must have appropriate national or international qualifications. Certificates must be 
checked prior to employment and must be made available to the National Operator on request.  
 
Lifeguards should only be employed for lifeguarding and not in combination with duties such as 
water sports, rentals and services, cleaning or other duties.  
 
Lifeguards must be easily recognisable. It is therefore recommended that lifeguards wear the 
internationally recognised red/yellow uniform. Lifeguards must be provided with appropriate 
lifesaving equipment. 
 
Bathing areas patrolled by lifeguards should be clearly marked out. The area should be defined on 
the map, at information points and/or physically on the beach with markers or flags. The following 
recognised flag zoning can be recommended: red = do not swim when red flag is present, 
red/yellow = swim in the lifeguard patrolled areas, black/white chequered flags = surfing and 
water-craft zone only (unless another national flag zoning system already exists). 
 
On beaches with low hazard risks and with few users, lifesaving equipment can replace lifeguards.  
Lifesaving equipment could include: life buoys, torpedo buoys, hooks, life vests, life rafts, etc. The 
lifesaving equipment must include access to an emergency phone. The equipment should be 
regularly inspected and must fulfil national/international guidelines. 
 
Where lifesaving equipment is provided, it should be clearly positioned, visible and located at 
regular intervals allowing it to be reached quickly from any point on the beach. On beaches without 
lifeguards, maximum intervals of 100 metres between the equipment are recommended. Lifesaving 
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equipment must be accompanied by instructions for use and what to do in the event of a rescue. 
 
The period when the lifesaving equipment and/or lifeguards, and first aid are available must be 
clearly marked on the Blue Flag information boards or at the lifeguard station. An explanation of the 
emergency flag system in use must be provided. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
Criterion 28. First aid equipment must be available on the beach. 
 
The first aid may be available by means of a) a lifeguard on site, and/or b) an attended first aid 
station with trained personnel, and/or c) equipment located in a shop or other beach facilities at the 
beach, and/or d) directly available to the public on the beach. It is strongly recommended that busy 
beaches and family beaches have first-aid stations with staff in attendance. First-aid personnel 
must have appropriate qualifications. 
 
First aid stations should have the following equipment a) adequate first aid stock (basic first aid 
supplies such as bandages, gloves, disinfectant, plasters, etc.)  b) cold water and preferably hot 
water  c) first aid bed  d) oxygen cylinder and mask e) immobilizing trauma board (e.g. immobilizing 
blocks or spider harness)  f) other equipment (shark attack pack), etc. 
 
First-aid stations or the location of first-aid equipment must be clearly sign-posted for easy location 
by beach visitors (including on the map on the Blue Flag information board). See Criterion 5. In 
addition, the time in which first aid is available must be clearly informed.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 29.  Emergency plans to cope with pollution risks must be in place. 
 
The emergency plan should cover a clearly identified procedure, facilitating efficiency in the case of 
an emergency. An emergency could result from oil spills, hazardous/toxic waste spills entering the 
beach from the sea, discharge of storm water, hurricanes, algal blooms that could be dangerous, 
etc. An emergency in this context would be defined as an event which leads to a large scale impact 
on the beach or bathing water. 
 
In order to quickly address pollution at the local level in co-ordination with local authorities, the 
following 
should be included. The: 
-  identification of people to contact in case of pollution. 
-  involvement of all administration services and people necessary to intervene. 
-  procedure for the protection or evacuation of people if necessary. 
-  procedure of public warning and information. 
-  withdrawal of the Blue Flag. 
 
The emergency plan must specify who should be contacted in the case of a pollution incident. A 
responsible local person must be designated for this position. It must also specify who does what in 
the case of an emergency, including pollution incidents. 
 
The emergency plan must furthermore prove the compliance with other national legislation in the 
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area, e.g. a national oil spill contingency plan. 
 
As long as the hazard persists, the public should be informed of the pollution or potential danger by 
posting information at the beach, at all access points, in the media, tourist offices or other relevant 
means of communication. If the hazard is in the form of large scale polluted water then the public 
must be informed that bathing is not safe and the beach should be closed to swimming. If there is 
any infringement of Blue Flag criteria, and to ensure the integrity of the Blue Flag, the flag must be 
temporarily withdrawn and information posted on the Blue Flag information board or at the beach. 
Emergency phone numbers for the police, first aid, and relevant emergency numbers along with 
the contact details for emergency services, in the event of an oil or toxic chemical spill must be 
posted at the beach preferably on the Blue Flag information board. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 30. There must be management of different users and uses of the beach so as to 
prevent conflicts and accidents. 
 
Beaches that support multiple activities must have management plans to prevent accidents and 
conflicts. This must include zoning for swimmers, surfers, wind surfers and motor craft. At the same 
time, recreational use of the beach must be managed without negatively impacting the natural 
environment, the biodiversity of the beach and with consideration for aesthetic issues.   
 
Swimmers should be protected from all sea craft (motor, sail or pedal). Where necessary, zoning 
through the use of buoys, beacon or signs should be in place. The same should be done for surfing 
areas. Distinctions should be made between motor craft, paddle or sail craft. The use of these 
various activities must be separated. 
 
Powerboats and powered craft should operate at least 100-200 metres away from the swimming 
area. The exact distance is to be determined by the local regulatory agency. Furthermore, patrons 
who operate powered craft should be provided with guidelines for the use of their craft and the 
location of different zones. 
 
The relevant authority, for example lifeguards, must enforce the zoning of the different recreational 
areas in the water. Different activities on the beach must also be clearly marked and zoned. 
 
Consideration should also be given to potential noise impacts from some activities (motorised 
activities, stereos and kites). 
 
If special events are to be held on the beach then these should be located outside of the main 
swimming areas. In the case that special activity events prevent the beach from upholding the Blue 
Flag criteria, then the flag must be withdrawn for the duration of the event. When such an event 
takes place, users of the beach should be notified through public warnings at the beach and 
preferably in the local media prior to the event. See Appendix I for guidelines for events on Blue 
Flag beaches.  
 
The beach itself must be managed in accordance with an environmental plan that protects 
sensitive species and habitats at the beach. This can be achieved through zoning or other 
preventative actions. In some cases, it may be necessary to restrict, disperse or otherwise manage 
certain activities. Beaches with sensitive dune habitats must be managed in such a way to protect 
these sensitive habitats, e.g. protective fences. Recreational activities must be managed to prevent 
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environmental degradation, e.g. coastal erosion or damage to vegetation as well as to prevent 
birds and other wildlife, e.g. breeding turtles, from being disturbed.  
 
Some particularly sensitive sites may require careful planning and management. In such cases, 
evidence must be provided to show that recognised local conservation organisations or groups 
have been approached and that a management plan has been drawn up.  
 
Besides the use of physical separation of the different users, zoning should be clearly indicated on 
the map 
on the Blue Flag information board and information could also be given at access and entry points 
(see Criterion 5). 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
 
 
Criterion 31. There must be safety measures in place to protect users of the beach.  
 
The public must have access to Blue Flag beaches without being a client of a certain hotel or beach 
club. Access to the beach should preferably be free, although at some beaches public access is 
provided through charging a small and reasonable fee. 
 
Access to the beach must be safe. Beaches that are physically challenging must have facilities for 
safe access, e.g. secured steps with handrails. Similarly, there should be designated pedestrian 
crossings on busy roads in the vicinity of the beach.  
 
Beach promenades and steps onto the beach must be complete and in good condition. The car 
park surface must be in good order. Parking places reserved for the use of disabled persons must 
be available and must be clearly marked.   See Criterion 21 for information related to parking on the 
beach. Other access paths must also be safe, with regulations for cars and bicycles. Bicycle paths 
should be encouraged whenever relevant.  
 
Where promenade edges are higher than 2 metres above the beach, warning signs and/or a barrier 
must be in place to prevent accidents. This is especially important where the beach surface is 
rocky. Consult criteria 32 regarding access for people with physical disabilities. 
 
Visitors to the beach should be safe while on the beach. Information about safety must be readily 
available. The times of availability of lifesaving services and first aid must be clearly marked on the 
Blue Flag information boards or at the lifeguard station. In addition, an explanation of the 
emergency flag system, if in use, must be provided. 
 
If needed, adequate security must be available at the beach in the form of trained and qualified 
guards responsible for patrolling. The guards must wear easily identified uniforms and should be 
able to present their licence as trained security personnel on request. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions   
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Criterion 32. A supply of drinking water should be available at the beach 
 
There should be a potable water source at the beach, e.g. from a fountain, pipe, tap, etc. This 
source can be in the restroom/toilet block or on the beachfront but it must be protected from 
contamination by animals. 
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
 All regions 
 
 
Criterion 33. At least one Blue Flag beach in each municipality must have access and 
facilities provided for the physically disabled. 
 
It is strongly recommended that all Blue Flag beaches have facilities that allow access by the 
physically disabled granting them access to the beach, surrounding buildings, and the restroom 
facilities. It is a Blue Flag requirement that at least one beach in every municipality must provide 
these facilities. It is a Blue Flag recommendation that at this beach, if possible, there is access to 
the water. 
 
Access to the beach should be facilitated by access ramps adapted to users with various 
disabilities. It is recommended that the ramp design and material fit the natural environment and 
wherever possible, environmentally friendly materials should be used, i.e. recycled composite 
plastics.   
 
Facilities should be designed for wheelchair and other disabled users and should comply with the 
ISO Standard Code for Access. The beach must comply with national regulations regarding access 
and facilities for people with disabilities. In addition, parking areas should have reserved spaces for 
disabled parking. In the event that access ramps cannot be provided due to the topography, e.g. at 
steep cliffs, the local authority must apply for a dispensation for this criterion.  
 
If none of the Blue Flag beaches in a local authority can provide access and facilities for the 
disabled, a request for a dispensation from this criterion must be documented in the application.  
 
IMPERATIVE CRITERION GUIDELINE CRITERION 
All regions  
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APPENDIX A:   Dispensation cases   
 
All imperative criteria have to be complied with in order to obtain the Blue Flag. In the event of 
discussions arising out of the National Jury processes and if an applicant has failed to fulfil the 
imperative criteria, the National Jury could forward a beach to the International Jury as a 
dispensation case. In the case of an application requiring a dispensation, the National Jury must 
forward the case to the International Jury with the necessary background documentation and an 
explanation as to what imperative criteria have not been fulfilled and giving reasons as to why a 
dispensation is requested. 
 
Dispensation cases may arise when a beach has exceeded the required limit values because of a 
known, documented incident during the bathing season. Dispensation cases argued on the basis of 
incidents considered unusual but not atypical of the site are not considered. 
 
The most frequent request for dispensation is caused by exceptional/extreme weather conditions 
impacting on compliance with the water quality criteria.  A National Jury can in such cases give a 
dispensation to omit a sample if the national authority’s controlling bathing water quality regulation 
has officially approved such a dispensation. Furthermore, an official statement from national 
weather authorities stating that the weather was exceptional must accompany the request for 
dispensation.  
For EU-member countries:  if the request for dispensation of omission of a sample has been 
approved by the European Commission,  and written proof of the European Commissions’ approval 
is provided to the International Coordination, then the case is not considered as a dispensation 
case. 
 
If an incident of high levels of pollution can be attributed by way of documentary evidence to other 
issues, such as an accident or another unavoidable incident, it is also possible to forward to the 
National Jury such a candidate as a dispensation case. The documentation must show that the 
problem has been rectified and that the pollution was undoubtedly linked to the incident in question.  
 
A beach can apply for dispensation when: 
 
- facilities are under construction at the time of the application but will be finished by the start 
of the season.  
 
- owing to extreme weather conditions, the imperative criteria on the beach not being met, 
e.g. signage or walkways, access to the beach has been damaged, etc. However, these 
must be in place by the start of the season.  
 
- a beach is not accessible by the physically disabled yet it is the only beach in a local 
authority to run the Blue Flag programme. The beach must present a plan for how and when 
the beach can fulfil the criterion as a central part of the dispensation application.  
 
- the location of the beach is such that the distance from services renders it unable to meet an 
imperative criterion, e.g. an accredited laboratory.  
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APPENDIX B:   Information about the Blue Flag programme must be displayed.  
           [Criterion 1] 
 
THE BLUE FLAG PROGRAMME 
This beach has been given Blue Flag accreditation. The Blue Flag is an environmental award, 
given to communities that make a special effort to manage their coastal/inland water environment 
and beaches with respect for the local environment and nature. To attain the Blue Flag, the 
community and its beach operators have to fulfil a number of criteria covering water quality, 
environmental information and education, safety, service and facilities. 
 
This effort by the local community ensures that you and your family can expect to visit clean and 
safe environments at selected bathing sites. And it makes sure that the local community maintains 
a basis for sound development.  
 
Facts about the Blue Flag: 
The Blue Flag is awarded by the Foundation for Environmental Education (FEE), a 
non-governmental environmental organisation and is represented by such national organisations in 
each of the participating countries.  
 
The Blue Flag is an environmental award for beaches and marinas. Only local authorities or private 
beach operators can apply for a Blue Flag for beaches. The criteria for Blue Flag beaches cover 
four main areas: a) Water quality, b) Environmental information and education, c) Environmental 
management, and d) Safety and services.  
 
The criteria of the Programme are developed over time, so that participating communities have to 
keep working on solving relevant environmental problems to get the Blue Flag. Blue Flag 
accreditation is only given for one season at a time and the award is only valid as long as the criteria 
are fulfilled. When this is not the case, the responsible persons at the local level are obligated to 
take the Blue Flag down. 
The national FEE organisation checks the Blue Flag sites during the season. 
 
You can help the Programme by also taking actions to protect the environment: 
Use the litter-bins on the beach - and recycle waste if possible 
Use public transport, walk or rent a bike to get to the beach 
Obey the beach code of conduct 
Enjoy the nature of the beach and its surroundings, and treat it with respect 
Choose a holiday destination that cares for its environment - and an environmentally friendly hotel 
too, if possible. Along with the Blue Flag, the Foundation for Environmental Education also 
develops another eco-label for accommodations: Green Key. Find more information at: 
www.green-key.org 
 
Local, National and International Blue Flag responsible parties: 
Name and address of the local responsible person, national Blue Flag operator and the 
International Co-ordination must be posted.  
 
Text to accompany the names and addresses could be the following: “These are the names and 
addresses of the local, national and international Blue Flag contacts. It will assist the programme, if 
you could report on how these beaches comply with the Blue Flag standards. In this way you can 
help ensure that the Blue Flag standard continues to be met.” 
 26 
APPENDIX C:   Guidelines for Environmental Education Activities.   [Criterion 2] 
 
Types of Activities 
 
There must be a mixture of different types of environmental educational activities for different user 
groups,  Some activities must be carried out at the beach and have a direct focus on the beach or 
coastal environment. The different types of activities can be divided into five categories: 
 
Activities for Passive Participation: This could include exhibitions, films, presentations, slide shows, 
conferences, debates, presentations by international experts, etc. 
 
Activities for Active Participation: This includes guided tours, educational games, theatre/plays, 
cleaning 
days, coast observation days for marine beaches, diving/snorkeling orientation sessions, beach 
inspections, photography or drawing contests, nature reconstruction projects, green technology 
projects, “Adopt a Beach” programmes, community coastal monitoring programmes, etc. 
 
Training Activities: This could be training for teachers, beach or marina staff, people in charge of 
children groups, lifeguards, cleaners, law enforcement officers, specific national training 
programmes, etc. 
 
Publishing and Media: The production of leaflets, stickers, interpretive signs, postcards, school and 
municipal newsletters, books, T-shirts, bags, posters, radio broadcasts, etc. 
 
Blue Flag Environmental Information Centre: It is strongly recommended that Blue Flag beaches 
provide an 
Environmental Information Centre (station, kiosk), where specific information about Blue Flag and 
environmental education issues can be given. Such a centre or place must offer both activities and 
exhibitions and provide environmental and nature information in order to qualify as an 
environmental interpretation or education centre. Information about its location and activities must 
be provided at the beach or in nearby tourist information offices. The centre should be open to and 
have activities and information for the general public, not only local school children. 
 
Target groups 
 
The activities should target a wide range of different groups. It is important that the local authority, 
together with other operators in the area, organise a programme to educate and raise awareness 
within the many different interest groups that influence the use of the local environment. These 
interest groups could be visitors, locals, tourism employees, fishermen, local industries, etc. 
The types, amounts and target groups of activities should match the situation. For example, in a 
major tourist destination, more than one activity per season should be available to the general 
public. 
 
Connection with existing programmes 
The activities can be part of already existing environmental education programmes, held either 
on-site or in the local community (Local Agenda 21 activities, Eco-Schools activities, etc). It is also 
recommended that the local authority work together with local NGOs in setting up educational 
activities. 
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Information about Activities 
Information about the publicly accessible activities must be made available at the beach and 
preferably also in tourism newspapers or magazines or posted in tourism offices. The published 
information should include: what kind of activities, when and where are they going to take place, 
who they are for, etc. 
 
Not Acceptable 
Activities that are not acceptable for meeting this criterion are: 
Activities that are done to meet other Blue Flag criteria such as the general cleaning of the beach, 
waste management, recycling, and posted environmental information otherwise required on the 
information board (i.e. information on surrounding sensitive environments), etc. 
Activities focusing only on tourism without a specific focus on sustainable tourism 
Activities otherwise done by the local authority as part of the standard management of health, 
safety, 
transportation or tourism   
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APPENDIX D:   Recommendations for presenting water quality information on Blue Flag 
beaches. Example of a coastal water beach:        
    [Criterion 3] 
 
 
 
Beach:___________________  Local authority:___________________ 
Contact person:___________  Telephone no:____________________ 
 
Date            
Escherichiacoli / Faecal coliform 
J 
< 250cfu/100ml 
           
K 
>250cfu/100 ml 
           
Intestinal Enterococci / Faecal streptococci 
J  
<100/100 ml 
           
K 
>100/100 ml 
           
 
Blue Flag and bathing water quality 
 
This beach has met the Blue Flag water 
quality standards. The bathing water is 
continuously monitored for the different 
types of bacteria shown in the tables. 
The bathing water is tested at least 
every 30 days. In the table you can see 
when the water has been analysed and 
how many bacteria were found. 
 
A small number of bacteria tell you that 
the water is very clean - a high number 
of bacteria tell you that the water may be 
polluted and could contain bacteria from 
sewage. 
 
What do the results mean? 
 
Faecal coliform / 
E.coli 
Faecal 
streptococci / 
Intestinal 
enterococci 
 
J 
Below 250 
 
J 
Below 100 
 
Excellent bathing water 
 
 
K                                             K 
Above 250                               Above 100 
 
Is allowed a few times during the season 
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APPENDIX E:  the 95th percentile 
 
The 95th percentile is a calculation method used to obtain the average amount of pollution. In terms 
of Bathing Water sampling results, the value shows the results that are less than or equal to the 
limit values 95% of the time. The standards refer to values that would be exceeded less than 5% of 
the time.  
 
The 95th percentile is derived through the following calculation (based on the explanation in the EU 
Bathing Water Directive 2006): 
1. Take the log10 value of all bacterial enumerations in the data sequence to be evaluated. 
Zero values cannot be used and should be replaced by a value of 1 (or the minimum value 
allowed) 
2. Calculate the mean of the log10 values (μ) 
3. Calculate the standard deviation of the log10 values (σ) 
4. The upper 95 percentile is derived from the following equation: antilog (μ + 1,65 σ) 
5. The resulting value must be within the limit values as stated above  
 
A calculating spreadsheet is available on the Blue Flag homepage under the Internal Pages as per 
January 2010. 
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APPENDIX F: Beach Litter Measuring System – a method of mapping the status of litter on a 
beach          [Criterion 15]  
 
In order to determine the cleanliness on the beach, the Beach Litter Measuring System could be 
used by 
the beach manager or the national coordinator when doing beach monitoring visits. 
 
The system differentiates between bulky litter (>10cm) and fine litter (<10 cm). It takes a closer look 
at the 
amount of litter in defined representative areas on the beach. According to the amount of litter, 
beaches are 
classified into different cleanliness levels (A+ to D). The method combines taking pictures and 
making 
counts. 
 
At a Blue Flag Beach, the cleanliness level should be A+ or A. 
 
Step by step guidance how to define your beach’s cleanliness level: 
 
Bulky Litter 
 
1. Define an area of 100m2 (10m x 10m) for your bulky litter count and photo (Choose the dirtiest 
100m2 that you can find on the beach) 
2. Count the units of bulky litter (>10cm) within the area 
3. Take a picture of the area (to keep as proof) 
4. Determine the cleanliness level with help of the beach litter indicator (see below) 
 
Fine Litter 
 
1. Define an area of 1m2 for your fine litter count and photo (choose the dirtiest area within the 
100m2) 
2. Count units of fine litter (<10cm) within the area 
3. Take a picture of the area (to keep as proof) 
4. Determine the cleanliness level with help of the beach litter indicator (see below) 
 
Beach Litter Indicator 
 
 
General 
1. Keep a record of your measurements (date, time, location, circumstances, weather conditions, 
cleanliness level(s) bulky litter, cleanliness level(s) fine litter, other comments) 
2. Repeat these steps at different locations along the beach if possible 
3. Repeat the measurement at different times during a season and different times of the day if 
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possible 
It is important to keep in mind that starting to use this system might require a bit of time in the 
beginning. 
Once you get some exercise or training, it will be a quick, easy and helpful tool. 
For a more detailed version of the beach litter indicator, a description of the system, a training CD or 
for 
taking part in a training session, please visit the Blue Flag website or contact the Blue Flag 
Coordination. 
---------------- 
1 The Beach Litter Measuring System was developed by the Keep Holland Tidy Foundation and 
the Royal 
Dutch Touring Club. 
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APPENDIX G:   Reef Check system for coral reef monitoring    [Criterion 25] 
 
Below is a very brief description of the content of the “Reef Check” monitoring programme. For full 
information about the “Reef Check” system and information about national/international support, 
please consult http://www.reefcheck.org. 
 
“Reef Check” is designed for use by volunteer non-scientist snorkelers or scuba divers. A local 
“Reef Check” team should be established with a scientist and a group of snorkelers and divers 
trained to carry out the analyses. The team members must be skilled at identifying the indicator 
organisms and substrate categories. It is strongly recommended that the team attend a “Reef 
Check” training session. If there are already “Reef Check” teams established at the national or local 
level, these teams can be approached for support. 
 
In order to carry out the monitoring, the following equipment is necessary: a copy of the instruction 
manual, 
indicator organism ID cards/books, GPS, transect lines, underwater paper and water proof 
pencils/markers, 
buoys, plumb line and safety gear. 
 
If possible, the monitoring should take place at two depths: shallow water (2-6 metre depth) and 
mid-reef (6 - 12 metre depth). Reefs in many areas are however not suitable for monitoring at more 
than one depth. 
A 100 metre transect should be established (preferably parallel to the shore). The transect must be 
divided 
into 4 x 20 metre observation areas divided by 4 x 5 metre gaps. For re-survey, it is important to 
document or permanently mark the transect start/end points. 
 
The “Reef Check” coral reef monitoring program consists of four types of data collection methods: 
1) Site description (environmental conditions and ratings of human impacts)   2) Fish counts 
3) Invertebrate counts   4) Substrate type measurements 
 
The site description includes information about: location (overall and exact location), survey time, 
nearby 
population, weather conditions, rating of human impacts on the coral reef and the possible 
protection of the 
coral reef. The substrate survey includes the record of the substrate at points with 0.5 meter 
intervals along the 4m x 20m transect. The substrate must be classified in one of the following 
5 m gap:  
No data 
collected  
 
           
5 m gap:  
No data 
collected  
5 m gap:  
No data 
collected  
 
 
20 m: 
Count 
Fish/Invertebrate
20 m: 
Count 
Fish/Invertebrate
20 m: 
Count 
Fish/Invertebrate
20 m: 
Count 
Fish/Invertebrates  
 
 100 meters 
5 m gap:  
No data 
collected  
 
  
5 m  
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categories: hard coral, soft coral, recently killed coral, nutrient indicator algae, sponge, rock, rubble, 
sand, silt/clay or other substrate. In the  “Reef Check” manual there is more information about how 
to conduct the substrate survey and classify the substrate. 
The level of coral bleaching, presence of coral disease, presence of litter and coral damage must 
be noted. 
 
Each region has different indicator fish and invertebrate species that should be counted along the 
4m x 20m transect. In the “Reef Check” website and manual, there is more information about the 
fish and invertebrate species to include in the counting and information about how to conduct the 
counts. Finally, it is recommended to supplement the survey with photo and/or video 
documentation. 
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APPENDIX H:   Guidelines for events on Blue Flag beaches   [Criterion 30]  
 
Should events be planned for Blue Flag beaches, it is recommended that the local authority/beach 
operator attempt to find a win-win situation in both hosting the event and maintaining Blue Flag 
status. Events on Blue Flag beaches are not incompatible with the management of the Blue Flag 
programme. However, the event should not compromise Blue Flag standards. The Blue Flag 
should not be dropped simply because an event is planned on the beach.   
 
The decision to allow events to take place on beaches is ultimately the decision of the local 
authority/beach operator managing that facility and would, as such, be guided by local by-laws and 
other legislation. Should the local authority be concerned as to potential impacts on Blue Flag 
standards, early contact and discussion with the National Operator is recommended. It is reiterated 
that it is the responsibility of the local authority to ensure that Blue Flag standards are met. 
 
If necessary, additional resources, e.g. cleaning staff, portable toilets, etc should be brought in to 
ensure that the standards do not drop. 
 
Wherever possible, the Blue Flag area should be zoned (this to include the use of buoys – where 
appropriate – in the water) so that a designated Blue Flag swimming area is still retained and the 
beach can still fly the flag. It is not recommended that the whole beach be designated to the event.  
 
Wherever possible, every attempt should be made to ensure that all the Blue Flag standards are 
still met on the beach during the event.  
  
In terms of the criteria of Blue Flag, compliance with all environmental and building legislation also 
applies to any events and/or the construction of facilities on the beach. This includes the possibility 
of undertaking Environmental Impact Assessments or producing environmental reports on the 
impact of the event on the natural surroundings. In this case, permission from the relevant 
environmental authorities in the region would be necessary.  
 
The public must be given advance warning of any events planned for Blue Flag beaches. This 
could be in the form of posters or other information at the beach, through announcements in the 
local media, or on local authority/beach operator websites if appropriate.  A notice indicating details 
of the event, duration of the event, where more information can be obtained, where complaints can 
be made, etc. must be posted at the beach. 
 
In the event of an activity that takes place on the beach after hours, i.e. for those beaches that 
withdraw the flag at the end of the day when criterion are no longer being met, the beach 
operator/local authority must ensure that the beach and the facilities be cleaned and returned to 
order, before the flag is due to be raised the next morning, even if this means the cleansing teams 
must work through the night to ensure that the beach is clean once the flag goes up. So, if the flag 
is normally raised at 08h00 in the morning, the facilities must meet Blue Flag standards by 08h00 in 
the morning.  
 
It is recommended that the local authority/beach operator consider a fee to be levied on the 
organisers of events hosted on Blue Flag beaches and that this income be used to make 
improvements to the beach or within the local area.  
 
 





















